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PREFACE. 

THE object of the present volume is to give the student a 
concise account of the structure, habits and life-histories of 
Freshwater Algsp, and also to enable hira to place within the 
prescribed limits of a genus any Alga he may find in the fresh 
waters of the British Islands. 

Although it may seem incongruous to treat of /reakwater Algse 
apart from nuarine ones, there are many excuses for the production 
of a special treatise on the freshwater forms. Few genera of 
Algee, and still fewer species, exist both in salt and fresh water, 
and the vast majority of marine Algse are very different in nature 
from those inhabiting fresh water. 

The need for a book of this kind is very great, owing to the 
rapid strides made in the investigation of this class of plants 
during the last twenty years. To identify even many of the 
commonest of freshwater Algse one has at present to be fully 
coovereant with most of the recent phycological literature, and 
I have endeavoured in this volume to give a general account of 
those fecta concerning the British species which will be of most 
assistance to a diligent student. 

Many facts and suggestions concerning the life- histories, de- 
velopment, and relationships of freshwater Algoe are here brought 
forward for the first time, and with few exceptions the figures are 
original, pains having been taken to state as far as possible the 
localities from which the specimens were collected. The figures 
are careful and accurate drawings to scale, and they are in no way 
diagrammatic. A few stages in the life-histories of various Algse, 
and certain figures showing structural peculiarities, have been 
copied fivm the original drawings of other authors, but in each 
case this has been specially mentioned. 

256153 ^ 



vi Preface 

The maguifications given under the figures are far &om uni- 
form, but this is no great disadvantage, aa a knowledge of the 
relative sizes of these plants is very soon acquired, and ' size ' is 
of no generic and little specific value. 

Accurate measurements are given of the most abundant and 
widely distributed species. 

It was originally my intention to add a chapter on the Peri- 
dinieje, but after further consideration I have for two reasoDa 
excluded them. Lack of space would have compelled me to have 
given a veiy indifferent account of them, and I also prefer to 
regard them as a group quite distinct from the Algie. Most 
zoologists claim these organisms as Dinoflagellates, and the Peri- 
dinieee of this country are sufficiently numerous and important 
to require separate treatment. 

Similar remarks apply to the Characese. They are best re- 
garded as distinct from the Algse, as their vegetative organs 
exhibit far more differentiation than the vegetative structures of 
any of the freshwater Algse, and their sexual reproduction is of a 
distinctly higher type. 

In some instances I have quoted freely from previous publi- 
cations of my own, sometimes with slight alterations. 

The work was undertaken at the request of Mr A. E. Shipley, 
to whom I tender my best thanks for assistance and advice during 
its publication, I have also to thank Mr Edwin Wilson for the 
care he has expended in reproducing the drawings. 

I take this opportunity to remark that a good systematic text- 
book of British Freshwater Alga;, with descriptions of all the 
known species, remarks on their affinities, and if possible, with 
figures, is at the present time very urgently needed. There is, in 
fact, no single book, or set of accessible books, by means of which a 
student can hope to accurately identify one-third of the freshwater 
Algse he may find in a single day's ramble through a reasonably 
productive part of the country, I venture to state that this is 
the only branch of systematic botany in which such a state of 
affairs exists. 

The reason for it is not far to seek. It is one result of the 
general neglect of systematic botany (especially Cryptogamic) in 
the botanical laboratories of this countiy. Every encouragement 
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has been given, and is given, to students to take up physiological 
botany or to investigate the morphology of such plants as exhibit 
sufficiently striking peculiarities to arrest the attention even of 
a casual observer ; but what encouragement is given to a student 
who wishes to take up the systematics of any group of plants? 
The answer is found in the ' Bibliography ' of every work on 
systematic botany. 

Although the work of the aystematist is indispensable to a 
laboratory worthy of the name, there is undoubtedly in many 
quarters a lack of appreciation of systematic work, because it is 
at the same time the most laborious and the most vexatious of 
any form of biological investigation. It is becoming more and 
more difficult every day to conduct systematic investigation away 
from the special libraries indispensable to every well-equipped 
laboratory; and unless a slight encouragement ia given to the 
laboratory student to take up some branch of systematic botany 
this department of botanical science will be left largely in the 
hands of the foreigner. 

One cannot emphasize too much the importance of a sound 
knowledge of the geographical distribution of some of the more 
lowly types of Cryptogams, particularly of the Desmidiacete, 
Such a knowledge, which can only be acquired by the patient 
labours of the systematist, will throw much light on one of the 
most interesting of all problems concerned with the later phases 
of the earth's history, namely, the land-connections of previous 
periods. 

The frontispiece consists of a reproduction of two photo- 
micrographs to show some of the characters of the freshwater 
plankton. One is a photograph of some material collected from 
Loch. Ruar, Sutherland, by Mr J. Murray, of the Scottish Lake 
Survey (Pullar Trust). The other represents plankton of a 
somewhat different nature from Lough Neagh, L^land. 



G. S. WEST. 



ClREHGESTEB, 

AprU 1th, 1904. 
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INTRODUCTION. 

One of the earliest attempts to briog together all that was 
then known concerning British Freshwater Algte was Dillwyn's 
' British Confervse,' which appeared in 1809, and hardly any further 
advance was made in Britain until the appearance in 184i5 of 
Hassal's ' History of British Freshwater Algse.' About this time 
two very important works wer« commenced on the continent, one 
being Klltzing's ' Tabulse Phycologicte,' the first part of which 
appeared in 1846, and the other Babenhorst's ' Flora Europaja 
Algarum,' issued from 1864-68. Bal&' ' British Desmids ' appeared 
in 1848, and for the next thirty years Henfrey, Hicks and Archer 
were almost the sole contributore to the literature of British Fresh- 
water Algse, the publications of Archer being very numerous and 
most valuable. 

From 1882-84 Cooke issued his ' British Freshwater Algce ' 
and in 1887 Wolle's 'Freshwater Algse of the United States' 
appeared. Since the publication of these two books more actual 
work has been accomplished in the investigation of freshwater 
Algie than at any previous period, particularly by continental 
investigators, amongst whom may be mentioned Wille, Wittrock, 
Nrtrdstedt, Bomet, Thuret, Lagerheim, Elebs, Hansgirg, Schmidle, 
Chodat, Borge, Boergesen, Lemmermann, and others. In Britain, 
Marquand, Bennett, and Boy have done systematic work in certain 
districts, and, in conjunction with my father, I have myself spent 
much time in the investigation of the Algse of many parts of the 
British Islands. During this later period of approximately twenty 
years many new phases have been discovered in the hfe-histories 
of Algie, and much has been found out with regard to their habits 
and mode of life. In addition, a great deal has been accomplished 
m clearing up the synonymy of these plants, so that taking into 
tion all these circumstances, it is now doubtful if thirty 
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per cent, of the British freshwater Algss could be identified with 
certainty trom Cooke's book ; and Wolle's Araerican publication 
would be of little or no assistance. The relationships and affinities 
of the Algee described in these publications, and in many cases 
their life-histories also, are now much better known. This has 
resulted in great changes in their classification. 

At the time Cooke's book was published it was expected by 
many that during the next few years the groups of the ProtococoaceBe 
and ChroococcaceEB would have disappeared, and statements were 
made by certain authors advocating great polymorphism in Algse, 
evidence being brought forward to prove that many of the more 
lowly forms were obviously stages in the development of higher 
forms. I have elsewhere pointed out' that these statements were 
based upon very inadequate observations and that more evidence 
is yet required concerning the life-histories of some of the lowly 
types before any definite statements can be formulated as to their 
systematic position. Again, because a few observers have at 
different times suggested and attempted to show that these lowly 
types are only developmental stages, that constitutes no reason 
why, when their life-histories are unknown, they should be neglected 
and left out of consideration. Yet, that is largely the case in Wolle's 
' Freshwater Algte of the United States.' 

Blackman' in advocating the primitive nature of the genus 
Chlamydomonaa, also remarks that " this specific constancy of the 
most primitive type is in strong opposition to the idea of wide 
polymorphism brought forward by Hansgirg, Chodat, and Borzi, 
which associates different genera, and even members of different 
families, in the life-hiatory of one individual." No one would 
doubt for a moment the existence of considerable polymorphism 
in most groups of the Algae, but it is certainly on a more reason- 
able scale than was at one time advocated. 

The classification I have adopted is thoroughly explained in 
the next chapter and the reasons for so arranging these plants are 
stated in full. 

With regard to the terminology, I have for the most part 
followed that used by Vines in his 'Text-book of Botany'.' 



■ S. H. Tinet, 'A Stodents' Text-book of Botui;,' London, IS95. 
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Exception may be taken to the rejection of Cohn's group of 
the Schizophyta, which waa instituted to include the Schizomycetes 
(or Bacteria) and the Schizophyceie (or Blue-green Algie). These 
two series of plants undoubtedly preaent a similarity in their 
method of multiplication by simple cell-fissioQ, but it must be 
remembered that most unicellular and colonial Algas habitually 
multiply in this manner, and although the Bacteria stand near in 
this respect to some of the less differentiated Blue-green Algte, 
there are many reasons for not including the two series of organisms 
in the same group. The Blue-green Algse possess chlorophyll and 
phycocyanin disposed within the cells in the manner of a primitive 
chromatophore, and are thus capable of carbon -assimilation ; whereas 
in the Bacteria this is not the case. A ciliated motile condition 
is only known to occur in about two blue-green organisms, whereas 
that is the normal condition io most of the Bacteria; and the 
spore- formation, with very few exceptions, is quite different in the 
two groups. The Myxophycese are also of a much higher type of 
organization than the Bacteria, possessing a primitive nucleus 
(which in the Qlaucocystidte has become a true cell-nucleus) and a 
«ell-wall composed partly (and in the case of certain cells, entirely) 
of cellulose. Moreover, the habits and mode of life of most of them 
are totally different irom those exhibited by the Bacteria. 

In this volume the Blue-green Algx are placed in the class 
Myxophycese (Stizenberger, I860)', which is an earlier name than 
PhycochromophyceiB (Babenhorst, 1864) or Cyanophyceie (Sachs, 
1874), the limits of which were carefiilly and exactly made out by 
Stizenberger. It is the name under which the Blue-green Algfe 
have been placed by systematists for many years past, but for 
some imaccountable reason it has not up to the present been 
even mentioned in general text-books on botany. 

Occurrence, Collection, and Preseevation op 
Freshwater Alq*. 

AlgEB are universal in their occurrence, no moist situation being 
without some type of Alga. They are' found on damp earth, rocks, 
walls, palings, tree-trunks, in rain-tubs, etc. ; they are met with in 
all kinds of running water, from the torrent, waterfall and cataract 

1 StucBbefgai in Babanhont's Algan Baobaens sjwtetnatiaeh geocdust, 1860, p. 17. 
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to the sloweat river. They are most abundant, however, in still 
waters, occurring in quantity in pools, ditches and lakes. 

They occur either floating at the sur&ce, being simply immersed 
in the water, or attached to submerged stones, or to larger aquatic 
plants as epiphytes, eto. The larger Algsd are often conspicuous 
as green slimy masses forming a surface coat to ponds, ditches, etc., 
or attached as large green masses to the rocks and stones of rivers. 
Bocks over which the water is constantly dripping possess at times 
quite a characteristic Alga-Som, and many of the more uncommon 
Algfe are found in such situations. If such rocks present vertical 
wet faces, they are often covered with thick leathery patohes, or 
gelatinous masses, which exhibit a great variety of colour. This 
material is always of interest and usually consists of a mixture of 
plants belonging to the blue-green Algie or Uyxopbyce^. 

Some Algee have acquired a symbiotic relationship with other 
plants, and even with animals. One species of Anabcenti lives 
symbiotically with the aquatic Lycopod Asolla, and another with 
the Hepatic Blasia, and some Algot belonging to the genus 
Chlorella are connected symbiotically with such animals as 
Hydra viridia and certain small species of Amod>a, Paramecium, 
Ophrydiwm, ete. Again, there is the Lichen, which is a compound 
organism consisting of a Fungus associated symbiotically with 
Algee of the genera Pleurococcus, Trentepohlia, Cephalearos, Noatoe, 
SHgimema, Scylonema, eto. The genus Foreliella has a symbiotic 
relationship to the freshwater mussel {Anodonta) and several other 
Algse are similarly related to sponges. 

Many of the most beautiful Algre are exceedingly minute and 
occur in quantity in situations which are not at first, obvious, and 
which are only found by experience. They occur embedded in a 
thin mucus surrounding the stems and leaves of submerged plants, 
such as Utrictdaria, Myriophyllum, Nymphfea, Nuphar, Potamo- 
geton, Scirpua fiuitans, Isoetea, etc. Many of the submerged mosses, 
such as Sphagnum contortum, S. plumoaum, Amhlystegium scorpi- 
oides, A. /alcatuvij A. exannviatum, A. glaticum, Fontinalis anti- 
pyretica, Jungermannia inflata, Nardia emarginata, ete., are often 
richly covered with these minute Algse. 

Numerous minute Algre occur along with an abundance of the 
Peridiniese and Copepoda scattered through the surface waters of 
lakes, rivers, and other large bodies of fresh water, and constitute 
a large proportion of the Freahwater Plankton. The animal and 
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v^etable organismB occurring in the plankton form the food of 
most of the smaller aquatic animals, and bo, indirectly, form the 
basis of the food-material of lacuBtrine and river fishes. Little is 
known concemiiig the food-value of the freshwater plankton, but 
statistics of this nature have been very carefully compiled with 
regard to the Baltic Sea. Brandt' states that the chemical com- 
position of the plankton of this sea in autumn and winter is 
intermediate between that of " rich pasturage " and green lupines. 
The proportion of fat is greater than in land products used as 
fodder, but in spring the great abundance of Diatoms causes such 
a great increase in the amount of ash as to preclude direct com- 
parison with land plants. Many of the Algie found in the plankton 
are more or less characteristic, some of them being largely and 
others entirely surface organisms. The majority of them belong 
to the Palmellaceie, Protococcaceie, Volvocaceee, Desmidiacete and 
Bacitlariefe. Most of the Besmids of the plankton possess very 
long spines or processes which terminate in spines, and in those 
species which normally possess long spines the latter are (^greater 
length when the plants occur in the plankton than when found in 
other situations. Some of the Protococcacete and Diatoms have 
also acquired long spines. The assumption of this spined con- 
dition is .to be correUted with their free-fioating existence and 
their consequent need for greater protection against thcAe animals 
of the plankton which feed on Algte*. 

Algte exist under very varied conditions of temperature. In 
temperate and arctic climates many of them can survive prolonged 
freezing even when in the ordinary vegetative condition. It is 
quite possible to melt out from the ice numerous healthy Algie 
which have suffered in no way from their exposure to such a low 
temperature. In the arctic and antarctic regions, in the Alps and 
in the Andes, there is a snow-flora, consisting principally of Algaa 
which pass their entire existence on the snow and ice. This 
collection of Algte, which is known as the ' Cryoplankton,' consists 
of a few forms which are more or less universal in such situations'. 

> Bnndt in WiMansob. MeereBUDtarsaohuiigeii, N. Folge, Bd iU, Helt 3, 1898 ; 
eoRixtlt alto Amerloaii NAturaliit, iiiii, Dec. 1898. 

* West A O. B. West, 'Scott. Krathv. Flftakton,' Jonin. Linn. Soo. Bot. xiit, 
Noi. 1908, p. 5M. 

* 1h« moet iutareiting of these Alga ore Splurrella nivoitt Sommerfeldt (the lied 
BnowpUnt) <uid a Deunid, Aneylontma NordtrukilUdii, first disoovered byBerf^ren 
in (be inowa of Oraeoluid, Mid anerwudBbjLkgerbeimin theAndeiiaDdb;Cbodkt 
OQ Uont Bbuia. 
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Algse also occur in warm streams, and the vegetation of hot-spiingB 
consists excluBively of Algse. They can exist in hot water and hot 
vapour up to a temperature of 94-5° C. (200° F.)'. It is worthy of 
note that the Alga which occur at very high altitudes, and which 
therefore eiiflt at relatively low temperatures, and those which 
inhabit the hottest springs, are, with few exceptions, species of 
Myzopbycece and Bacillariete. 

Some Algse become encrusted with carbonate of lime or with 
silica, and play no small part in the formation of the deposits 
which are generally found in the neighbourhood of hot-springs. 

The comparative richness of any district in freshwater Algie 
depends very largely on its physical geography and on the geo- 
logical formatioBs. Mountainous tracts are more prolific than Sat 
districts, even though many of the larger Algte are absent from 
them. Most of the larger filamentous Algie and an abundance of 
the commoner unicellular forms are found in low-lying quiet 
waters, but in mountainous areas the filamentous forma are chiefly 
representatives of the Myxophyceie and Conjugate, the presence 
of numerous species of the genus Mougeotia being a marked feature 
of such districts, and the unicellular forma are greatly increased 
by the addition of numerous Desmids. If the mountains consist 
of the Older Falceozoic rocks, of Pre-Cambrian rocks, or of rocks of 
Igneous origin, there is a surprising numerical increase, not merely 
of species but also of individuals ; and in comparison, a mountainous 
district of carboniferous limestone or other formation is distinctly 
poor. Thus, the English I^ke District, Wales, and certain parts 
of Scotland and Ireland yield a much greater variety of Algss than 
any other parts of the British Isles. The poorest area of all is the 
fen district in the east of England. 

The most prolific localities in the British Islands, and perhaps 
in the whole of Europe, for freshwater Algse are the small tarns 
and peat-bogs which lie in the hollows of the Lewisian gneiss of 
north-west Scotland. The plankton of the larger lakes of this 
area is also much richer in the Desmidiacese than any which has 
been described from elsewhere. 

Most of the unicellular Algce aod some of the filamentous ones, 
unless specially protected as in many Desmids, are readily taken 

' W. H. Brewer id Amer. Joarn. Seienoe, ser. 2, zli. These Alga were Dnicelli, 
Blameiitoue AIgn having been observed up to A tempentUM ot ttS° C. (IBS" P.); 
O. 8. Weat in Jonm. Bot. 1903, p. 241. 
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as food by Amcebe, Turbellariana, Oligochcetes, Tardigrades and 
Crustacea. The tadpoles of the common frog feed almost exclu- 
sively on the lai^r filamentous Algse, and Bles has recently shown 
that the larvte of that most remarkable African frog, Xm^ua 
Ubvis, feed exclusively on the lower Algs'. A considerable pro- 
portion of the food of freshwater Lametlibiranchs also consists of 
living and decaying Algte. 

For the collection of freshwater AlgK a plentiful supply of 
small wide-mouthed tubes or bottles will be found most useful. 
Small quantities of the larger, strictly aquatic AlgBe should be put 
into these tubes, care being taken not to overstock the tube. A 
small tuft of the Alga with plenty of water is best, and the tube 
should not be filled more than three-quarters full. The reason for 
this is obvious, as rapid decomposition accompanies overcrowding, 
and it frequently happens that collections cannot be examined for 
many hours after they have been made, or imder certain circum- 
stances even for a day or twa 

To collect the minute Algte that occur attached to larger water 
plants, the latter should be removed from the water with as little 
mud as possible, the superfluous water allowed to drain away for a 
few minutes, and they should then be gently squeezed over a wide- 
mouthed bottle, the issuing water being collected in the bottle. 
In the sediment which settles to the bottom of the water in the 
bottle will be found numerous unicellular and other small Algsa. 
Sometimes a hundred or even two hundred species may be obtained 
from a small quantity of such material. The Algie of the plankton 
are collected from the surface layers of water by means of silken 
tow-nets. 

If it is desired to keep the plants living for some time they 
should be placed in wide-mouthed jars with an abundance of 
water, and not exposed to too strong light. Sterile species of the 
Zygnemaceee and CEdogoniacete will often become fertile under 
these conditions. 

' Thera c&n b« little doubt ttut a portion of the food of Ceratodiu, the Australian 
mnd-Geh, oonBiBta of A1i;b. An eiamin&tion of the intestine of tfais flsh (fur vhicli 
I mntt eipresB m; indebtedness to Frof. Howes), isTeaJed mosses ot sticks, twigs, 
leavei, fraRmeDts of Uepatica, etc., all of vhich would have been taken in b; tbe 
flib from the moddy bottom of the water in which it lived. This material wonld 
be mottl; in a dead condition before being swallowed and it seems to suffer little 
change in its paaaage tbrongh the gut ; hut a microscopical examloation shows 
amongst it the deoomposed remains of many kinds of Algn, including thousands 
of the empty valves of Diatoms, 
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Algfe should always be examined in the living state whenever 
possible, as some of them are more easily determined when alive. 
Many of the Desmidiocese and Bacillaries, however, especially those 
with chAracteristic surface markings, can only be determined with 
precision from the dead empty cells or semicells. 

In preserving Algte for future examination several fluids may 
be used. In studying the structure of the cell-contents a 2—4 °j^ 
formalin solution is best fur subsequent staining, etc. This is 
almost equalled by a dilute solution of picric acid. But if only 
the cell-outlines and the structure of the cell-wall are required 
then there is no better preservative than a 4 °/^ solution of potas- 
sium acetate (containing a trace of copper acetate). An equal 
volume of this solution added to the water in which the Algfe are 
living is quite sufScient. A very instructive paper has been 
published by PfeiEFer R. v. Wellheim' on the methods of prepara- 
tion, staining, etc., of algae, in which chromacetic acid is largely 
recommended for preserving them. Certain reagents such as a 
solution of iodine, methylene blue, hsematoxylin, ammonia-car- 
mine, etc., are almost essential to all students of Algie. A 2 °/„ 
cocaine solution is also very useful for the observation of the cilia 
of motile forms. 

Some Algte can be preserved by drying, either on paper or on 
slips of mica, but they are always better for purposes of future 
examination when preserved in a fluid medium than when dried. 
The only Algse that preserve well by drying are the Myxophycese. 
These Algse on soaking out again in water almost regain their 
original freshness, and, moreover, retain their original bright 
colours. 

AlgEe are best mounted in the fluid in which they have been 
preserved, and the best vamish with which to seal them up is 
gold-size. Everyone who has had any experience of fluid mounts, 
however, knows quite well that if his specimens keep for a long 
time it is due more to good fortune than to any other cause. 
Many fluid mounts, even the best ones, frequently begin to dry up 
by the formation of air-bubbles in the centre of the slide, which 
gradually extend towards the periphery. ' The only explanation of 
this is the porous nature of the thin coverslip. 

In examining Algss, in following out their life-history, and in 

Q PriQgBheim'e 
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identifying them, they should always be carefully drawn to scale 
with the help of a Camera Lucida. This is the surest way of 
obtaining accurate measurements of the plants, and aleo much the 
best way of impressing on the memory their diagnostic features. 
Great attention should be paid by all students of Algss to their 
cytological characters, — the structure of the cell-wall, the dispoei- 
tion of the protoplasmic cell-contents, the form and structure of 
the chromatophores, the presence or absence of pyrenoids, etc It 
is the absence of any definite information on these points that 
renders many books on Algce almost useless. No student can 
acquire erroneous ideas of such common genera as Ulotkrix, Tri- 
bonema {Confervci), Microspora, and others, if he has once realized 
their fundamental cytological characters. 

Cultivation of Alo*. 

It is often desirable to cultivate Algie in order to investigate 
their life-history and polymorphism. Under cultivation an Alga 
■5 often under abnormal conditions, and as a result, it sometimes 
develops strange forms which are quite unknown in the natural 
state of the plant. Careful observation of these cultures frequently 
afifords good evidence towards the elucidation of the phyl<^enetic 
relationahipe of Algee. Cultures can be made at various tempera- 
tures, in water, in sugar solutions of various strengths, or if neces- 
sary under damp conditions only. Cultures are most frequently 
made in solutions of a nutritive character, but sometimes good 
results are obtained in pure water or in weak saline solutions. A 
medium containing geloee is very &vourable for making pure 
cultures of the lower Algte'. Klebs and others have emphasized 
the usefulness of cultures on gelatine, agar-agar, and other solid 
media, and cultivation experiments on damp porcelain plates are 
frequently a success. The temperature necessary to obtain the 
best cultures varies with different types of Algsa, but 20° C. is a 
good average temperature. 

1 Chodat ud Unntzeaoo in Aroh. Sci. Vbjt. et Nat. i, 1900, p. S8S. 
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AliOf are Thallophytoe of a simple or complex etructure, and 
are of a green, yellow-green, blue-green, red or brown colour. 
Most of them live entirely submerged in water and the major 
portion of them inhabit the sea. They are found floating freely at 
the sur^ice, attached to stones, or as in a large number of the fresh- 
water forms, adhering in gelatinous maasea to the submerged 
portions of more highly organised aquatic plants. A few prefer 
damp situations in which they do not become immersed at all, or 
only periodically become covered with water. 

They are mainly distinguished from the Fungi by the presence 
of chlorophyll and consequently by their mode of life. Even in 
the red, brown, and blue-green Algfe chlorophyll is present, but 
the green colour is masked by the presence of other colouring- 
matters. As the colouring-matter is usually the same throughout 
large groups of these plants which agree in other characters, 
particularly in the method of reproduction, they are classified as 
follows : — 

Class 1. Rkodophi/ceeB (or the Red Algae), containing a 
reddish colouring-matter known as phycoerythrin. 
Mostly marine. 
Class 2. Phwophycece (or the Brown Alga), containing a 
brown colouring-matter known as phycophrein. 
Mostly marine. 
Class 3. Chl(yropkycece (or the Green Algae), containing only 
the green colouring-matter known as chloro- 
phyll. Very lai^Iy freshwater plants. The 
stored product of assimilation is in almost all 
cases starch. 
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Class 4. Eeterokonta (or the Tellov-greeu Algte), contaiu- 
ing a large ptoportion of a yellow pigment known 
as saotbopbylL The stored product of asaimila- 
tion is a &tty substance. Freshwater. 

Class 5. BadllariecB (or the Diatoms), containing a brown 
colouring-matter diatomin, which much resembles 
the phycophffiin of the brown Algee. Universal 
both in fresh and salt water. 

Class 6. Myxophycem (or the Blue-green Algte), containing 
a blue colouring-matter known as phycocyanin. 
The stored product of assimilation is most probably 
glycogen. Mostly freshwater. 

By &r the greater part of the vegetation of the sea consists of 
marine AlgK, and with few exceptions these marine forms are of 
quite a different nature from the freshwater ones. It is only with 
freshwater Algte that this volume is concerned. 

Certain Algee are known in a fossil state. These are mostly 
Diatoms, the siliceous valves of which are eminently suited for 
fbssilization, and a few others in which the thallus was encrusted 
with carbonate of lime. The majority of other Algfe are of much 
too fragile and delicate a nature to become fossilized, and most of 
the records of such fossil Atgse are of very doubtful value. 

Freshwater Algse exhibit a vwiety of types of structure. 
Some of them are unicellular, each plant consisting of a single 
protoplasmic unit or energid (i.e. a mass of protoplasm containing 
a- single nucleus) surrounded and enclosed by a definite cell-wall 
(e.g. Desmidiacese, Bacillariese, and many Frotococcoidefe) ; others 
are unaej^ate -or ccenocytic plants composed of an aggregate of 
protoplasmic units enclosed within a common cell-wall (e.g. Sipho- 
nefB, Hydrodictyon); others are incompletely septate plants, each 
segment containing a number of protoplasmic units within a cell- 
wall, the septation of the plant going on independently of the 
divisions-of the nuclei (e.g. Cladophorales) ; others are mvlti- 
eetlular or completely estate plants, each segment containing one 
protoplasmic unit (e.g. Zygnemacese, Cbietophorales, etc.). 

Hany of the unicellular forms are sohtary cells, but others 
occur as colonies, in which the individual cells are more or less 
loosely held together in a common mucilaginous envelope, which 
is either secreted by the protoplasm of the cells or ia derived from 
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the cell-walls. This mucilaginous sheath is present in most of the 
unicellular and filamentous freshwater Algee, and sometimes attains 
a huge development. Its nature was well investigated by Haupt- 
fleisch' and more recently by Schroder'. 

The multicellular forms consist of closely connected cells form- 
ing a thailua, which exhibits a great variety of form. It may be 
spherical (e.g. Ccelastrum), filamentous (e.g. Spirogyra, Ulotkrix, 
etc.), or a Battened expansion (e.g. some species of Goleoduete, 
Proloderma). Sometimes the thallus is differentiated into a 
" root " and a thalloid " shoot " (e.g. Botrydium, Rhizoclonium, 
(Edogonium, Spirogyra, etc.'), but the " root " is in all cases merely 
an organ of attachment and is more correctly called a kapteron. 

The cell-wall always consists largely of cellulose, Mid is some- 
times delicate, sometimes of considerable thickness and strength, 
being cuticulorized or even silicified, but it is rarely, if ever, 
lignified. It often becomes gelatinous in its outer layers. 

The principal colouring- matter of the cell is usually arranged 
in definite parts of the protoplasm known as chromatopkores. A 
single cell may contain one or many chromatophores. If the 
chromatophores contain the green colouring-matter chlorophyll, 
they are known as chloroplattids (or ehloroplastn) ; if they contain 
some other colouring- matter they are termed ckromoplastids (or 
chromojAasta). Flastids are present in all groups of Algte, but 
those present in the MyxophyceEB are of a very primitive character. 
Chromatophores, particularly chloroplasts, often contain pgrenoids, 
which consist of colourless masses of proteid substance. The 
central mass of the pyranoid is a proteid substance of crystalloidal 
character which bears a great resemblance to an aleuron grain. 
It is sometimes angular, sometimes rounded, or it may be quite 
irregular in its outward form, and is often surrounded by an 
amylaceous envelope or coat of starch. The latter sometimes 
becomes lobed and penetrates into the chromatophore to such an 
extent that its existence appears doubtful. In Spirogyra the 
envelope of amylaceous material round each central mass (or 
pyrenocrystal) is in the form of a nuifiber of grains of starch. On 

' HftuptfleiBoh, ' Zellmambran aii4 HiiUgftllerle der Deamidiiioeen,' Hittail. awt 
d. NatarwisH. Vereine f. NeuTorpommerD and BOgeD, tB88. 

' Schrttder, 'Untenaehnt^en Sbei Qallertbjldaiigen der Algen,' Terhand. dei 
NstarbUt.-Med. Tereins in Heiaelberg, Bd vii, Heft 3, 1902. 

' Borge, ' Ueber die BhizoidsDbildang,' Upsala Dys Tidsinga Akteb. Tr. 1B94 ; 
West and 6. S. West in Ann. Bo(. vol. lii, Mareh 1898. 
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the division of a cell the pyrenoide usually divide equally. Some- 
timea a pyrenoid in a well-nouriahed cell multiplies by division 
without any division of the cell or the cell-nucleus. In a badly 
nourished cell, the amylaceous portion first disappears and then 
the ciyatalloidal part. The pyrenoid is thus a store of reserve 
food-material, and it may arise quite spontaneously without the 
.previous existence of pyrenoids in the cell. 

Almost all Algss are holophytes ; that is to say, they are them- 
selves able to elaborate organic material from the mineral and 
other inorganic substances found in the water, or in some instances, 
in the atmosphere, in which they exist. The chlorophyll found in 
the chromatophores of the cells arrests certain rays of light, the 
energy of which is utilized by the living protoplasm for the con- 
struction of oiganic substance from the inorganic materials taken up. 

Algee absorb a relatively large amount of mineral food sub- 
stances, particularly nitrates, from the water in which they live. 
It has been assumed that the presence of nitrates in abundance is 
nec^isary for the prolific growth of Algte, but it is certainly true 
that these plants occur in quantity in water which is relatively 
poor in nitrates. Whipple and Parker' state, as a result of experi- 
ments on the occurrence of small chlorophyll-bearing organisms in 
the waters of lakes, that the presence or absence of carbonic acid is 
one of the fundamental factors which influence the growth of Algse. 

The tropical Algse of the genera Phyllosiphon and Cephaleuros 
are partial parasites, and a few have already been mentioned as 
symbiotic with other plants or even with animals. 

The growth of the thallus may be apical or intercalary. In 
many Algse it is by the repeated division of a single apical cell, or 
by a series of marginal cells, as in the expanded thallus of Coleo- 
chcete. In many of the filamentous Algse with intercalary growth 
all the cells of the thallus are meristematic and undergo division 
(e.g. Zygnemacese, Ulotrichaceas). 

Va(fat.at.iTra TPTiii^.ipiif..it.iQn occurs in the unicellular forms by 
ordinary cell-division or fission, and in many of these plants it is 
the only method of increase. The division may take place in one 
direction only (e.g. Aphanothece, Gloeotkece, Siichococcus), in two 
directions in one plane (e.g. Tetraspora, Merismopedin), or in all 
directions of space (e.g. Gkeocyatis. Glceocapsa, and many others). 

> Whipple and Parker, in Tnna. Amer. Uicr. Soc. May 1903. 
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In the Deemidiaceffi, in which the cells generally exhibit a more 
or less deep median constriction, division is only in one direction, 
and it ia brought about by the development of two new half-cells 
(or BetnicellB) between the old halves. So that each of the indi- 
viduals formed after one division consists of an old and a new 
half-celL In many unicells the division is accomplished by the 
formation of daughter-celb within the mother-cell. The daughter- 
cells are rejuvenized and metamorphosed portions of the original 
mother-cell and are enclosed in the old wall of the mother-cell. 
Sometimes the daughter-cells are set free by the bursting of the 
wall of the mother-cell, but it often happens that the old wall of 
the mother-cell swells up and remains as an outer, wider coat to 
the daughter-cells. Successive generations of cells are produced 
in the same manner inside the enlarged walls of the mother-cells 
until quite a colony ia formed inside the swollen cell-wall of the 
original mother-cell (e.g. many Protococcoidese and Chroococcace»). 
In many types of lower AlgEe there is no definite line to be drawn 
between this so-called free cell-formation and the ordinary vege- 
tative division'. In certain of the Protococcacete two or four 
daughter-cells arise in a mother-cell, and at the time of their 
escape &om the parent-cell they possess the exact form and external 
peculiarities of the parent ; these have been termed aut^aporea. 

Increase of cells occurs in the filamentous Algse by new 
divisiona, the septa being always transverse to the lei^h. In the 
(EdogoniacesB the method of cell-division is somewhat specialized 
and a deacription of it is given under the family. 

On injurj to the filamentous coenocytic AlgiB septa usually 
appear cutting ofi' the injured part. The injured portion soon dies 
away, and if it happens to be in the median part of a filament, 
two filaments are thus set free. This occurs frequently in 
Vauckeria, and if the injuries to one filament are numerous, all 
the injured parts are sometimes cut oflF, the intermediate uninjured 
portions developing into new filamenta on being set &ee. 

The repToducti<m of fi^shwater Algae is brought about in a 
great variety of ways, most of the plants exhibiting both an 
asexual and a sesual mode of reproduction. 

Asexua l reJy o<^^l<^^■^oT> — Tn some cases special non -motile 
cells develop into cysts or unicellular gemmae (e.g. Zygnemace^ 

' CbodAt in Aud. Bot. 1897, p. 102. 
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they are also specially cut off in the VaucheriacecB), and in the 
£tameatou8 Myxophycee konaogoseB or multicellular gemnue are 
formed. Sometimes single non-motile cells are produced, which 
have been termed by Wille akinetes when they are formed without 
rejuvenescence and aptanotporea when formed by rejuvenescence 
{e.g. Cluetophorales, Confervales, Conj^ugatte). Many of these non- 
motile asexual spores, which may be either akinetes or aplanospores, 
rest for considerable periods before germination and are known as 
hypnospores (or sometimes as hypnocyaUi). Asexual reproductive 
organs are known as gonidavgia when borne on the gametophyte 
generation and sporangia when borne on the sporophyte, A 
sporangium (or a gonidangium) as a rule gives origin to a number 
of spores (or gonidia), but in Vavckeria, (Edogonium, and some of 
the UlotriohaceiB only one gonidium ia formed in the gonid- 
an^um. 

Very often the gonidia consist of motile cells which receive the 
name of xoogonidia (or zoospores). One of the most frequent 
methods of asexual reproduction is by means of zoogonidia, which 
are found in all groups of freshwater Alg% except the Conjugatse 
{the largest order of the Chloropbycete), the Myxophycete, and the 
Bacillariese (or Diatoms). Zoogonidia are small masses of proto- 
plasm formed singly by the rejuvenescence of the entire contents 
of a cell, or more frequently in numbers by free cell-formation. 
They are not possessed of a cellulose wall, but are furnished with 
one (?), two, four, or many cilia, with one or more chromatophores, 
and often with one or two contractile vacuoles. The cilia are 
usually disposed towards one end or one side of the zoogonidium 
and their rapid vibratile movements cause it to swim quickly 
through the water, A red or brown pigment-spot is veiy often 
present. After a time the zoogonidium comes to rest, the cilia 
disappear, the protoplasm secretes a cellulose wall, and the zoo- 
gonidium develops into a new plant. 

Seznal reproduction. — Reproduction by the union of male 
and female elements, or gametes, is fairly general throughout the 
Algse, but it is entirely absent in the Myxophycete, in some of the 
unicellular Protococcoidea?, and in the SyngeneticEe. Sometimes 
the gametes are clearly differentiated into male and female ele- 
ments, but in other eases sexual differences are scarcely appreciable. 
The following is a summary of the sexual methods of reproduction 
met with in the freshwater Algae : — 
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I. Sexual reproduction by iaogamous gamuts {isogametea), or 
precisely aimilar sexual cella which uudergo the process of am- 
jugabion. 

a. Qametes ciliated, known as planogametes or zoogametes, 

set free, and on conjugation forming a zygospore (or 
zygote) (e.g. Ulotrichaceae, Ulvaceie, Trentepohliacese, 
Pandorina). 

b. Gametes not ciliated, known as aplanogametes. 

i. Conjugation fbiming a zygospore which after a period 
of rest develops directly into a new gametophyte 
(e.g. Bacillariese and Desmidiacefe, in which the 
gametes are set free; Zygnemese, in which the 
gametes are not set free). 

ii. Conjugation forming a zygospore which immediately 
develops a rudimentary sporophyte with one spore 
(e.g. Mesocarpese). 

II, Seicual reproducHon by heterogamom gametes (hetero- 
gametes), or clearly dififerentiated sexual cells which undergo the 
process of fertilization. 

a. Oogamous heterogamy : — The female oi^an is an oogonium 

containing an oosphere. The male organ is an antheri- 
dium in which are developed motile, ciliated antherozoids 
(or spermatozoide). The result of fertilization is the 
production of an oospore (e,g. Vaucheriacess, (Edogo- 
niales, certain of the Chsetophorales and Cladophorales, 
and some of the Volvocacefe). 

b. Carpogamous heterogamy:;— The female organ is a j)rooa»7» 

(consisting of carpogonium and trichogyne) with no 
specially differentiated female cell. The male cells are 
non-ciliated spermatia (or pollinoids). Fertilization 
results in the development of a cystocarp (or sporocarp) 
with contained spores known as carpospores (e.g. 
Rhodophycese). 
The sexual organs of those Algse with similar sexual cella are 
termed gametangia. If the Algie are unicellular then the cell 
itself becomes the gametangium (e.g. Desmidiace%, Bacillariese), 
and in the multicellular and ccenocytic forms the ordinary vegeta- 
tive cells become the gametangia (e.g. Zygnemaceee, Chsetophorales, 
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ffydrodietyon). In the whole of the Conjugatie the gametangium 
gives origin to only one aplanogamete, but in other Algee it is 
more usual for aeveral gametes to arise from one gametangium. 
Planogametea, such as are found in the Ulotriehacess, are pear- 
shaped bodies with the chromatophorea more or less confined 
towards the broader end, the narrower end being colourleaa. Two 
cilia are inserted at or near the narrow, colourless end, and a red 
pigment-spot is frequently present. They exhibit active move- 
ments for a longer or shorter period of time and finally conjugate, 
each pair coming into contact by their colourless poles. 

In those Alg» with dissimilar sexual cells the female oi-gan 
consists either of a single cell or a ctenocyte known as the oogoninm, 
which is usually more or less spherical (e.g. (Edogomace«e), some- 
times attenuated into a beak (e.g. Vaucheria), or produced at the 
apex into a long, narrow tube, the trickogyne (e.g. Coleochaftacete). 
An oogonium usually contains a single female cell or ooaphere 
(e.g. Vaucheriacefe, (Edogoniaceae), but sometimes there are many 
ooepheres present (e.g. Sphieropleacese). An ooaphere is generally 
a spherical cell containing chromatophores, and often with a clear, 
colourless area at one side known as the receptive spot. It is at this 
spot that the antherozoid enters during the process of fertilization. 
In the Rhodophycete the female organ is usually a multicellular 
structure (in the freshwater Red Algte it is unicellular) termed a 
procarp, which is divisible into two portions, a carpogonium and 
a trickogyne. 

The male organ is known as the antheridium. It is usually 
unicellular, but in (Edogomum it may consist of one or of many 
celia Each antheridial cell often gives rise to quite a number of 
male cells {apermatozoids or antkerozoids), but in the CEdogoniacese 
it gives rise to two, and in the Coleochietacea; and most of the 
Rhodophyceie to only one. Antherozoida frequently resemble the 
»aexual zoogonidia, but are usually smaller. They are commonly 
pear-shaped, but may be elongate and almost rod-like. They 
possess two cilia which are generally inserted at the pointed end, 
hut laterally in Volvox, Vaucheria, etc., and in (Edogonium there 
ia quite a tuft of cilia at the narrower end. They are as a rule 
&intly coloured and often possess a red pigment-spot. 

Sexual organs have not been observed in many of the Pro- 
tococcoidete and in the Syngenetica-, and are apparently entirely 
absent from the whole class of the Myxophyceas. 

W.A. 2 
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Maoy Algee exhibit an aUernation of generationa in their life- 
history. In those forms in which neither aaexual nor sexual 
reproduction is known this alternation of genemtions is, of course, 
absent. Other Algse exhibit alight indications of an alternation 
of generations. Thus, in a large number of the Chlorophycete, the 
sporophyte generation is represented by the zygospore. This 
zygospore can be described as a unicellular sporangium which often 
gives rise to two or four zoospores. Each zoospore, on coming to 
rest, germinates' and produces the gametophyte generation. In 
the Mesocarpeee the isogamous gametes conjugate in a connecting- 
tube between the gametangia, and the zygospore immediately 
produces a rudimentary sporocarp consisting of a variable number 
of cells, one cell of which is the carpospore. This is the sporophyte 
generation. The carpospore, after a period of rest, germinates and 
gives rise to the new gametophyte generation. In the Ehodo- 
phycee there is a well-marked alternation of generations. 

In the Algse the gametophyte is the important generation ; 
in fact, the 'plant ' is the gametophyte ; but as one proceeds higher 
in the scale of vegetable life there is a great reduction of the 
gametophyte accompanied by a corresponding increase in the 
development of the sporophyte, until in the Phanerogams the sporo- 
phyte becomes the 'plant' and the gametophyte is parasitic on it. 

Polymorphism. 

Polymorphism occurs in most &milies of Algie. All those Algce 
which exhibit an alternation of generations are polymorphic, and 
some species appear to possess several different vegetative forms. 
It is very doubtful, however, if polymorphism occurs in Algee to 
the extraordinary extent advocated by some authors. Sirodot has 
proved the occurrence of several types of structure in the genera 
Batrachospermum, and Lemanea, and it is fairly evident that the 
plants at one time described under the genera Prasiola, Schieo- 
gonivm and fformidiwm are different vegetative forms of one 
genus. Polymorphism is well illustrated in Botrydiiim, and 
numerous striking instances could be mentioned of other Algse in 
which it occurs, notably in the common genua Plenrococcua. 

Hiinsgiig, and following in his footsteps Wolle, have endeavoured 
to prove (on insufficient evidence) the existence of extraordinary 
polymorphism in Algee, relegating most of the unicellular Algre as 
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znere stages in the growth of higher forms. It is necessaiy, how- 
ever, to remark that a great many loose Btatements have been made 
on this subject, statements which are 8upport«d by no direct or 
conclusive evidence. Most of the remarks have been based upon the 
fiu;t of the occurrence together, in one matrix, of various stages of 
dififerent plants, and to the assumed identity of certain normally 
onicelluUr plants with unicellular st^es in the lite-histoty of 
higher orgamsms. Undoubtedly in the case of the Myxophycee 
many different forma are met with in one gelatinous matrix, and 
these are of the most confusing nature. Many of the higher blue- 
green AlgK do certainly pass through stages which resemble very 
much some of the so-called unicellular species, but there is equally 
DO doubt that careful observation frequently proves that this is a 
resemblance and not an identity. In some instances it may be quite 
true that a blue-green form which has been accepted as a species 
in the past is really a stage in the development of another form, but 
thftt does not necessfirUy prove that every blue-green Alga exhibits 
wide polymorphism and that every form met with is only one stage 
in some complex life-history. Similarly, in the Chlorophycese, 
polymorphism is frequent, but because species of ChcBtopkora or 
MyxoMma (Stigeoclonium) at one period of their existence regularly 
and normally break up into ' Palmelta-like ' forms, it does not 
follow that every aggregate of unicells such as Glceocystia, Palmella, 
etc, is merely a stage in the development of Ckcetophora, Myxonema, 
or some other allied plant. The observation of the polymorphism 
of higher and lower types of Algie, both in nature and under 
cultivation, is, however, the surest and best way to discover their 
affinities, and in many cases fumishes direct evidence as to the 
phylogeny of the plants iu question. Thus, the fact that Myxo- 
nema assumes under certain conditions a ' PcdvteUa-s^ja.tG,' much 
resembling species of the genus Paimella but in no way specifically 
related to them, is one of the primary reasons for regarding 
Myxonema (and therefore the Chsetophorace^) as having been 
derived from the Palmellacese. 

Without question many of the Algis referred to the order 
Protococcoidete have a much more direct relationship with fila- 
mentous green Algte, particularly with the Chtetophorales, than is 
indicated by their present systematic position. As an instance, 
the genus Slichococcus, described by Nageli as a unicell, un- 
doubtedly belongs to the family Ulotrichaceie and is comiected by 
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many intermediate atages with species of Klitzing's genas Qlaotila, 
and even with species of the genus Ulothrix. This was first 
definitely shown by Gay' and afterwards emphasised by Klercker*. 
But, although in some instances this is the case, and various 
genera of the group ' Protococcoideie ' have to be transferred to 
other groups to which they more rightly belong, many forms still 
have to remain in the old group ' Protococcoidese ' until more is 
known concerning their life- histories and atBnities. For instance, 
it has been asserted that species of the genus Tetraedron Klitz. 
1845 {= Polyedriuvi Nag. 1849) are merely stages in the develop- 
ment of Pediasirum, but this is now known to be erroneous*, 
and that even if certain forms are developed in the life-cycle of 
Pediastrum which much resemble species of Tetraedron, yet the 
latter genus is quite distinct and has a life-history of its own. It 
is, however, most probable that Pediastrum has been evolved from 
Algte of the nature of Tetraedron, and one of the connecting links 
has been discovered in a genus recently described by Lagerheim 
under the name of Euastropsia. 

As another example of erroneous conclusions arrived at from 
insufBcient evidence, there is the case of the genus Chantransia, 
The discovery by Sirodot' of the ' protonema-stage ' of Batracho- 
spermum was regarded by many people as a sufficient proof that 
species of Ckavtransia were merely asexual forms of Butracho- 
spermum. This was entirely due to the mistake of confounding 
the sporophytic shoots of Batrachospermum (and Lemanea) with 
certain true species of Chantransia which they much resembled. 
Murray', in commenting upon this, says that to speak of the 
" (7Aan*raTism-forms " of these genera " means no more than if the 
protonema of a moss were to be called its ' Con/erva-form ' or 
the prothallus of a fern its ' Liverwort- form.' These growths of 
Lemanea and Batrachospermum have nothing to do with the valid 
generic type Chantransia." 

In conclusion, it seems well established that the higher types 
of AlgfB have originated by gradual evolution from the more lowly 

' Qaj. ' RecheroheB but le d^veloppement et la clasaifiMtion de qnelquei Algoes 
Vertea.' taria. 1891. 

' Klercker, ' Ueber znei WaBserformen von SCichococctiB,' Flora, lS9e. 

■ GfT Lftgerheim in Tromwi Mubedidb ABrnhefter, 17. 1B94. 

' Sirodot, ' SuF le d^veloppemeiit dee Alguea d'eau douce dn genre Batiacho- 
Bpermum,' Paris, 18T6. 

* O. Marra;, ■ An IntriHluction to (he Stad; of Seaweeds,' LoDdon, 1695, p. 208. 
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types, but the fact must not be overlooked that these lowly types, 
although they may have undergone many modifications, still 
persist, and great care should be taken not to confound them with 
thoee stages in the life-histories of the higher types which present 
so many resemblances to them. 

The Phtlogeny and Classification of the 
Freshwater Alq^. 

The researches and discoveries of the last few years have 
certainly thrown much light on the affinities of many genera and 
bmilies of Algie, and constitute a very great advance in our 
knowledge of the phylogenetic relationships of these plants. It is 
by no means an easy task to give even a mere outline of the 
suggestions which have at different times been put forward as to 
the evolution of freshwater Algie, but one derives great assistance 
from two recently published papers, one by Chodat' and the other 
by Blackman', containing not only a summary of much of the work 
bearing on this difficult problem of phylogeny, but putting forward 
• some well-founded suggestions as to the same. 

In the succeeding brief account of the evolution of freshwater 
Algie I have followed very largely the suggestions of Borzi, 
Blackman, Bohlin and others, with certain alterations based upon 
my own experience '. 

Taking first the Chlorophycese or green Algse, which a few 
years ago were in a chaotic condition, we find that this chaos has 
been greatly reduced to order and that the affinities of many of 
these plants have been clearly demonstrated. The four groups 
of the Confervoideffi, Conjugata;, Siphonete and Protococcoideas, into 
which the green Algte have been usually classified, must be con- 
siderably modified in view of recent re.tearches. The Conjugate 
and the Siphonete will remain as distinct and natural orders of the 
green Algae, the former chiefly by reason of their reproduction and 
the latter on account of their ctenocytic structure, but the Con- 
fervoideffi and Protococcoidete were unquestionably unnatural 

1 Chodat, 'On the Pol^'morpbiam ot Green Algie luid the Prinoiples of tbeir 
EfolDtioD,' Ann. Bot. li, 1897. 

' F. F. Blaokman, ■ The PrimitiTe Algie and the Fla^elUCa. .An Aoconnt ot 
Uodern Work bearing on the ETolution ot the Alg«,' Ann. Bot. liv, 1900. 

■ In 'LeetureH on the Evolutioo of PlantB' b? D. H, Campbell (Uaomillftn 
Company. New York, 1889), there is a ahapter on hlgm (pp. 46—79) with a scheme 

of evolntion (p. 79), but the Utter appearH to be largely baMd upon e 

coQceptiona of the relntiooshipi of these plaota. 
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groups which could no loDger be tolerated in the sense in which 
they were originally proposed. 

Chodat, from observations on the lower green Algse, both in 
a state of nature and in cultures, traces the principal groups 
of the Chlorophyceee back to the Falmellaceffi, one of the lowly 
fomilies of the order Protococcoidete. He recognizes three 
important tendencies which rule the lower green Algae : — (1) the 
zoospore-condition, the other two conditions being only transient ; 
(2) the sporaagium-coadition or unicellular motionless stage, the 
other conditions being realized accidentally; (3) the Tetraspora- 
stage, where non-motile cells are connected by regular cell-walls 
at right angles. 

Blackman follows somewhat on these lines, but he considers, 
along with others, that all the tendencies of the lower Algee have 
had an origin in the motile unicellular Chlamydomonads. Amon^ 
the ftimilies of lower Alg* constituting the group of the Proto- 
coccoideie, he observes three divergent vegetative tendencies: — 
(1) a Volvocine^Jiendency towards the aggregation _2f_mfltUg 
vegetative cells into gradually larger^ and more fi];>erinliywl m^'til" 
.true coenobia ; (2) a Tetrasporine tendency towards the formation 
of aggregations by the juxtagoaition of the products of septate 
vegetative cell -division to form non- motile organisms of increasing 
definiteness and solidarityj (3) an Endosphierine tendency towards 
the reduction of the vegetative division and septate cell -formation 
to a minimum. The simplest forms which exhibit any one of these 
three tendencies seem clearly to diverge from species of the genus 
Chlamydomovas, and these motile organisms must be regarded 
as the real primitive form of green plant and the foundation 
stone, so to speak, of the vegetable kingdom. Of late much work 
has been done at the genus Chlamydomonas by Goroachankin, 
Franc4, Dill, Klebs, and Wille, and now the genus is brought 
into still more prominence. It has been found to contain some 
twenty-nine species which are remarkable for the constancy 
of their cjrtological characters. Unfavourable conditions produce 
in this genus the 'Pa/ntei/o-condition.' This is the beginning of 
a vegetative non-motile existence such as predominates in the 
Palmellaceie. In the latter family the cells at intervals in their 
life-history escape from their walls, develop cilia, and return to the 
motile state as zoogonidia. Blackman remarks that the "formation 
of zoospores is then nothing but reversion to an ancestral type of 
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vegetative existence for a biologic&l advantage, and all the vegetative 
existence of the higher Algte ia phylogenetically a new intercalation 
into the life-history of the motile Chlamydomonad which is perma- 
nently in the zoospore condition, though walled, and in which 
zoospore- fortnation and vegetative cell-division are one and 
indistinguishably the same thing." 

Chlamydomortaa itself has had an origin from the Proto- 
mastigina — one of the five subdivisions of the Flagellata proposed 
by Etebs — and two instances of the connecting forma are found 
in the organisms known as PolyblepharU Dang, and ChlorogoniuTa 
Ehrenb. Hany of these lowly Flagellates are green, hut others 
are colourless saprophytic organisms, and in some either a 
saprophytic or holophytic nutrition may be carried on, depending 
on whether the organism is well fed or not'. In the same way 
that green organisms occur among the Flagellates so do colourless 
forms occur among the lower Algse. One species of Cklamydomonaa 
— Chi. hyalina — is alwa}rB colourless and Baprophytic,aDdDangeard'B 
researches into Polytoma have likewise shown that the small group 
of organisms of which Polytoma uvella Ehrenb. is the beat known 
representative should perhaps be regarded as a saprophytic 
suh-ikmily of the Volvocacese which have probably evolved Irom 
a green organism of the Chlamydomonad-type. The various 
Flagellates auch as Euglena and others belonging to the Eugle- 
noidina, have given origin to no organisms of preponderating 
plant-characters. 

The Volvocine tendency in the Chlamydomonad-type has 
caused the evolution of a series of organiama of gradually 
increasing complexity, which constitute the Volvocace£e. These 
are genera which practically consist of coenobia of cells of the 
Chlamydomonad-type. The genus Gonium is perhaps very little 
removed from Chlamydomonas except in the possession of a four- 
celled or sixteen-celled colony. The highest development reached 
is the Ko/noic-colony, in which there are highly developed oospheres 
Mkd antheridia Between the isogamous Chlamydomonas or 
isogamous Qonxum and the highly differentiated heterogamous 
condition of Volvox, there are two intermediate stages in PandoriTta 
and Eudorina. 

The Tetrasporine tendency in the Chlamydomonad-type firet 
resulted in the production of a series of forms in which vegetative 
1 Zomatein id PriDgshmin'a JkhrbQoh. fiir. iriu. BoUs. ixi*, 1B99. 
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cell-diviaion gradually replaced the formation of zoogonidia as the 
chief method of multipIicatioD. The firat group of Alga; evolved 
in this direction was the lowly femily of the Palmeltaceje, in which 
the cells are grouped together either in all directiona of apace as in 
Palmella, or regularly diaposed in one plane as in Tetraspora. 
The cells are enveloped in a general mucous envelope formed by 
the confluence of the special gelatinous cell-walls, and in every 
stage the cells on leaving the envelope are capable of awarming as 
zoogonidia. It ia to this &mily of the Palmellacexe that we must 
look for the origin of moat of the other families of green Algw. 

The Endosphierine tendency in the Chlamydomonad-type has 
given rise to certain plants in which vegetative cell-division is 
absent, the multiplication of individuals taking place only by the 
formation of zoogonidia or gametes, These plants belong to the 
funily EndospbGeraceie and are almost strictly unicellular. 

So far, then, the phylogeny of the green Algie can be illus- 
trated by the following simple diagram : — 




The Volvocine tendency has resulted in no higher development 
than the FoZooic-colony, but a very reasonable suggestion has been 
made by Blackman aa to the origin of the Siphoneas by a further 
development of the Endoaphserine tendency and formation of a 
thallus, which, although eaaentially coenocytic, is structurally uni- 
cellular and lacks the solidity acquired by septate cell -division. 
He remarks that "nothing appears to have been evolved from it 
of higher status than an Alga. While the Tetrasporine tendency 
has given rise to all .the bigher green plants, the Endosph^rine 
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has only succeeded in producing the elaborate but puny mockeiy 
of them which we find in Caulerpa." 

It is now necessary to trace the further developments from the 
Palmellacete, which family was the fiist result of the influence of 
the Tetrasporine tendency on the Chiamydomonad-type. 

The Protococcaceffi is a group which has been gradually evolved 
from the Falmellacete by the direct production of the unicellular 
motionless stage with a firm cell-wall as the principal state of the 
plant, the zoogonidia and the T^raspora-at&^ being only tran- 
sient conditions in the life-history, and often absent. In the lower 
forms of this family the cells are globose with firm cell-walls, and 
aJl their reproductive processes show a marked tendency to trans- 
form the motile elements into resting spores. In some of the 
other forms of the family the cells exhibit great variety of form 
(e.g. Oocystis, Nephrocytium, KirchTierietla, Chodatella, etc.), and 
reproduction is largely by a type of spore termed by Chodat an 
autogpore. Such spores are usually produced in fours inside the 
mother-cell, and at the moment of their liberation they possess 
the exact form and external peculiarities of the mother-cell. 
Sometimes the autospores are quite free after their liberation 
(e.g. LagerketTnia, Oocyxtia), but at other" times they are sur- 
rounded by a gelatinous envelope (e.g. KirchnerieUa, Nephrocy- 
Hum). When the autospores are united together in a colony at 
the time of their expulsion an auto-colony is produced. Such is 
the usual method of multiplication of Scenedesmus. Forms of the 
nature of Ccelaatrum and Sorastruin have originated fr^m the 
lower Protococcacete with autospores, the latter being grouped 
together into a globular auto-colony. 

The position of the two genera Pediastrum and Hydrodictyon 
is still very doubtful. I am inclined to ogKe with Chodat that 
the resemblance is due to convergence rather than to a common 
origin. In Pediastrum the swarming stage is outside the mother- 
cell and the new ccenobium arises by the apposition of motile 
zoogonidia. In Hydrodictyim the new coenobium also arises by 
the apposition of zoogonidia which have become quiescent, but is 
formed inside the , mother-cell. Both genera consist of ccenobia 
of coenocytes, and for the present they are best kept in the 
separate sub-families of the Pediastreje and Hydrodictyea;. 

Among the ChEetopborales it is clear that the Ulotrichacese 
have had a direct, origin from the Palmellaceee through such forms 
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aa StMAoeoccus, fformoapora, Radiofilnm, Glceotila and Geminella, 
forms in which simple loosely connected series of cells occur em- 
bedded iD a gelatinous envelope. 

The ChGetophoracece are further specialized forms of the Ulo- 
tricfaaceie, which are distinguished mainly by their branched habit. 
The polymorphism exhibited by the Chictophoracese, and the deve- 
lopment of zoogooidia and formation of resting-8pores,aiao indicate 
a close connection with the Palmellaceie, but probably through the 
UlotrichaceiB. Chodat considers the genus Pleurococcus as one type 
of the Chtetophoracese which has been reduced owing to its existence 
88 a lichen-gonidium, but this is a statement I cannot agree with. 

The Ulvales and the Schizogoniales are parallel groups, each 
of which has probably had a separate origin from the Proto- 
coccoideie. The Ulvacese, especially such forms as Monostronia 
and Ulva, have most likely originated from Palmellaceous Algse 
of the nature of Tetra»pora. 

The genus Microapora is difficult to relegate tq its proper 
place in a classificatory scheme. It is the sole representative of 
the family Microsporacese and its <^aiacters mark it off sharply 
&om other green Algce. It may have originated from some aber- 
rant form of the Ulotrichacea?, but its affinities are at present 
doubtful. It is possible that the forms placed in the genus 
Bhizoclonium, have originated from Microapora, and by a further 
specialization the genus Gladopkora baa been produced. The 
CladophoraceiE (and therefore the Pithophoraceie) may thus have 
had an origin from the Microspoiacess. Bohlin' has recently 
transferred the Cladophoracete to the order Siphonese owing to 
the cflenocytic nature of the segments of the tballus, but the 
validity of such a change is a question of opinion. Owing to the 
many points of resemblance between Hijdrodictyon and Cladophora, 
the former genus may possibly be a degenerate form of the Clado- 
phoracess. Since 1897^ I have regarded the Cladopboracese as a 
distinct &mily of Cblorophyceee, in close proximity to the Siphoneee 
and tar removed from the Ulotrichacese, yet I hardly see the justi- 
fication for its inclusion in the Siphoneie. I think it better to 
place the Cladophoraces and Pitbophoracefe, along with the 
Spheeropleaceie, in a separate order, the Cladophoralcs. 

■ BohUn, 'Utkwt till it OrOna Algemu oob Arkegoniatenuu F;logeai,' Akbd. 
Afluuidl. UpMU. 1901. 

* W.icQ. B. West in Jonn. Boj. Uicr. Soo. 1897, p. 476. 
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Luther and Bohlin have recently advocated considerable 
chaogee in the classification of the Qreen Algse, most of which 
have been rendered necessary by the abolition of the old artificial 
group of the ' Confervoidete.' I agree with Bohlin in the estab- 
lishment of the order ' Microepoiales,' even though it appears to 
be giving undue prominence to a small group of more or less 
insignificant Algsa, because species of the genus Mieroapora are 
referable to no other order of green Algae. Likewise, the (£do- 
goniacece require placing in a separate order because of their 
aaomaloua characters. 

Several of the recent students of freshwater Algie have 
attempted to show that all the main groups of the ChlorophyceiB 
have had a separate origin from unicellular, motile, ciliated or 
flagellated ancestors. This is no doubt a very belptiil idea, bat 
like many other such ideas it can easily be carried too far. It 
appears most probable that certain groups of green Algse have had 
a direct origin fr>om ciliated or flagellated unicells, but that in itself 
is no proof that other groups have had a similar origin. There is 
not a shadow of evidence in support of the direct and individual 
origin of the Microeporaceie, the Conjugatfe, the Vaucheriaceie, the 
<^ogoniacen or the Cladophorales ; in hct, there is eveiy reason 
to suppose that some at least of these groups have originated from 
previously existing filamentous forms. 

The origin of the Conjugatte seems very uncertain. Black- 
man, in his scheme of evolution', and Bohlin* have both suggested 
&Q origin from the unicellular motile Chlamydomonad-type, and 
therefore directly from the Flagellata. To my mind this shows a 
Uck of experience of the Conjugate as a whole, and particularly 
of the &mily Desmidiacese. Whatever the true origin of the 
Cwyugatte it cannot have been direct from Flagellate forms. 
Presumably the first Conjugates which would arise from such 
motile unicells would be themselves unicells, or loose aggregates of 
cells. Now, such is exactly the condition found in the Desmidiaceie ; 
but it has been clearly shown' that the Desmidiacese is unques- 
tionably a family of Conjugates derived by retrogression from 
filamentous ancestors, and therefore, they cannot by any possible 
means have had a direct origin frt>m unicellular motile organisms. 

) BlMknuw, l.e. p. 6S1. > BoUin, I.e. p. 23. 

■ W. A O. 8. WMt in Ann. Bot. xii, 1896, p. » ; O. S. W«et in Jonra. Linn. 
Boe.Bot. xxziv, 1809, pp. 409—416. 
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It appears more probable that the early Conjugates were filamen- 
tous forms and that they originated from some other order of 
green Algee, coming to an abrupt conclusion soon afterwards. 
Nothing higher waa evolved from them, but the group of the 
Desmidiacete became sharply marked off from the rest of the 
Conjugates owing to great specialization. The specializing ten- 
dency was in the direction of a remarkable increase in the com- 
plexity of morphological characters, and this was accompanied by 
degeneration of sexual differences. 

Perhaps there may be an affinity between certain of the Con- 
jugates and the genus Microspora, as the resemblance between 
such species as Microspora Lofgrenii Nordst.' and Zygnema 
packydermum West* is most striking; the cell- walls are thick 
and exhibit the same structure, and in both plants precisely 
similar aplanospores are formed in identically the same manner. 

It is now necessary to consider a group of Algte for which 
Borzi' proposed the name of the ' Confervales.' In this order he 
included a number of Algie which had previously been scattered 
amongst various groups of the ChlorophyceEe. The charactera of 
the group are based upon the structure of the cell, which contains 
parietal discoidal chromatophores of a yellowish -green colour and 
without pyrenoids. Even the zoogonidia possess discoidal chroma- 
tophores of a yellowish -green colour and two unequal cilia (some- 
times one ?). The plants may be unicellular, coenocytic or multi- 
cellular, and include amongst others the following genera : — 
Opkiocytium, Charadopsia, Ckloroikecium, Mischococcits, Tribonema 
{Conferva), Botrydiopsis and Botrydium. Bohlin* in 1897 con- 
clusively demonstrated, by an exhaustive study of the structure of 
the cell-wall, the close affinity which exists between the genera 
Opkiocytium and Tribonema (Conferva); and, in addition, in the 
earlier stages of development these two genera, one of which is 
unicellular and the other multicellular, much resemble each other*. 
The order Confervales is subdivided into three families : — (1) Tri- 
bonemaceEB, which includes Tribonema {Conferva), Opkiocytium, 

> Xordstedt iD Botanieka Notiser, 1882, p. 65 ; W. i£ O. S. West in Jouni. Bot. 
Pebr. 1897, p. 34. 

" West in Joam, Linn. Soc. Bol. ixi, 1894, p. 268, t, lui, f. 1—16. 
' > Borzi in Boll, delta Soc. ital. dei Microacop. J, 1889. 

' BohliQ ia Bihang till K. Sv. VeC.-Akad. Handl. 1897, Bd xxiu, no. S. 

» Bohlin l.c. t. ii, f. 47, 51, 52, 61—66: Wille in Ofvera. af K. Vet.-Akad. Fdth. 
1881, no. 8, t. ii, 1. 15, 17, 18, 21—26; G. S. West in Journ. Bot. Mm. 1899, p. 106, 
t. 394, f. 18—22. 
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Bumilleria, Botrydiopsit, Oklorobotn/s ; (2) Cklorotkeciacete, which 
includes Misckococcus, Peroniella, Stipitococcus, Ckaraciopsis, 
Ghlorotheviiim ; (3) Botrydiacete, including Botrydium. Now, 
amosgst the Flagellate organisms there exists a genus described as 
Vacaolaria by Cienkowaki', which possesses yellow-green discoidal 
chromatophores without pyrenoids; aad this organism, as in the 
case of the Chlamydomon ad-type, may very possibly be the start- 
iDg point of the Confervales. Lagerheim discovered another 
organism in 1897 which was further worked out by Bohlin* and 
named Chloramaha. It is of a similar type to Yacuolaria with 
discoidal chromatophores of a yellow-green colour, but more 
strictly a Flagellate. Great interest is likewise attached to the 
discovery by Luther* in 1898 of yet another similar organism 
which he named Chlorosaccus. This organism has certain resem- 
blances to Tetraspoi'a, but is of a yoUow-green colour with several 
parietal diac-like chromatophores, and seems to connect Cklo- 
ramceba and Vacuolaria with the direct line of descent of the 
Confervales. Luther proposed to remove all these forms out of 
the Chlorophycete and suggested the name ' HeterokonUe ' as a 
class equal with that of the Chlorophyceffi, and to include the 
Algal series ' Confervales ' and the corresponding Flagellate group 
' Chloromonadina ' (or Chloromonadales), This class seems a very 
natural one and differs from the Chlorophyceae in certain cyto- 
logical characters, such as the abundant presence of xanthophyll 
and the presence of a fatty substance as the stored product of 
carbon-assimilation. 

Bohlin has recently suggested that the Vaucheriacea; should 
be included with the ' Confervales ' and ' Chloromonadales ' as one 
of the orders of the Heterokontte, with the name ' Vaucheriales.' 
There are, however, wide differences in structure between the 
Vaucheriacete and the Confervales, not to mention the absence of 
the yellow pigment and the highly differentiated sexual repro- 
duction present in the former ; neither is there any evidence that 
the plants of these orders are in any way phylogenetically related ; 
therefore, for the present, I prefer to retain the Vaucheriacefe in 
the order Siphonete of the Green Alg«. 

The origin of the Phfeophycefe, or Brown Algae, irom brown 

' Cienkowiki in ArobiT. fur Mikroscop. Anat. vi, 1807. 
< BohliD in Otvers. sf K. Vet.-Akad. Fdth. 1897, do. 9. 
* Lutb«t in BihftDg till K. Sv. Vet.-Akad. Hand). Bd zxiv, 1896, no. IS. 
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Flagellate organisms aeeniB quite as reasonable as in the parallel 
. case of the Green Algffi. During recent years many genera of 
primitive brown Algie have been discovered, most of which appear 
to be intermediate forms between the higher brown Flagellates and 
the simpler types of Blamentous brown Algie. The majority of 
^ese primitive brown Algie inhabit Iresh water, but few of them 
have up to the present been observed in Britain. The Flagellate 
organism suggested as the possible starting point for this series is 
ChromuUna Cienk', and the ascending series of forms include 
Phceocyalis lAgerb., Phceoaphara West & G. S. West, Pkceococcus 
Borzi, Evtodetmia Borzi, Phaothamnion Lt^erh. and Pleurocladia 
A. Br. Divergences along other lines from Ghromulina may have 
given rise to the Hydruracese, the Chrysomonadinaceee and the 
Dinobryaceie. Pkceodactylon Bohlin and Stichogkea Chodat may 
have a relationship with the PkcBococcus-tyi>e of brown Alga. 



PH^OPHIOEai 




The origin of the Baciltarieie is still extremely doubtful, and 
no reasonable suggestions have yet been put forward as to their 

' cr. Lieerheini in Ofvers. at K. Vet.-AJukd. F&rh. 1896, no. i, p. 366. 
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line of descent. They are regarded by some as a group of the 
Phseophyce^, but are better considered as a distinct class. It 
may be that there is a much more direct relationship between the 
BaciUariete and the Flagellate Peridinie^ than is at first apparent. 

The origin of the large class Rhodophyce^ is still very un- 
certain, although quite recently a marine Flagellate with the 
chromatophores of the Rhodophycese has been discovered by 
Karsten'. As there are so few freshwater representatives of this 
large class of AlgK, a discussion as to their origin would here be 
out of place. 

So little is known concerning the Myxophycete and their life- 
histories that any attempt to give an account of their origin and 
evolution would be mostly a matter of conjecture. It is interesting 
to note, however, the existence of blue-green motile organisms 
such as Cryptoglena Ehrenb. and Ofiroomonas Hansg.* Reasons 
for retaining the word ' Myxophycere ' are stated in the Intro- 
duction (page 3). 

The classification commonly adopted at the present time is the 
one found in Engler and Prantl's ' Pflanzenfamilien,' in which 
the Green Algfe were arranged by Wille, the BacillaricEe by SchUtt, 
and the Blue-green Aigse by Erehner. Wille followed Sachs in 
the removal of the Conjugatse from the Chlorophycese, but the 
reasons for this are certainly insufficient. It is also significant to 
note that since the publication of the classification referred to, 
Wille has regarded the Conjugata; as an order of Chlorophycete*. 

The most recent classification of Green Alg£e in English is that 
put forward by Blacknian and Tansley' in the ' New Phytologist ' 
for 1902, and they not only accept at the outset the principal 
changes suggested by Luther and Bohlin, but carry them still 
further. They separate the CEdogoniales (as the "Stephanokontse") 
and the Conjugatie (as the "Akonta;") from all the rest of the 
Chlorophyceie, which are placed under the " Isokontas." This 
arrangement is based upon the assumption that the CEdogoniales 
and the Conjugatte are phylogenetically independent of the 
" Isokonta;," and that all three groups have arisen from the 

' EMEteD in WiBsenBch. MeereBunterBnchunf^ii, Kiel. Bd iii, Heft 2, 189B. 

' HanBRirg, 'Noch emtnal iiber die Ph^kochrom&ceeD-SobwBTzner,' Bot. Ceu- 
twlbl. Bd ixiv, 1885. 

' Wille. ' Algol DRiBehe Notizen vii, vm,' Ny( Magazin (. Natarridensk., B. 89, 
H. 1, Kriatiania, 1901. 

* F. F. Blaekman and A. G. Tanslrj, 'A Revieton of the ClaeiiiSoatioD of the 
Qumn Al^,' Tbe New Phjtologiat, 1902. 
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Flagellata. Be it remembered, however, that there is no direct 
evidence io support of the view that the (Edogoniales and 
Conjugatse are phylogenetically independent of the rest of the 
Chlorophycese. Indeed, with regard to the Conjugatse all the 
known &cts concerning them tend to show that they, at least, 
have not had a direct origin from Flagellate ancestors. I have for 
many years made a special study of the Conjugates, including a 
particularly detailed investigation of the Besmidiaceie, the &mily 
around which all the interest of this idea is centred ; and I can 
say most emphatically that all the tacts concerning these plants 
with which I am acquainted, fer from supporting the idea of a 
Flagellate ancestry, tend to prove conclusively that this beautiful 
fiunily of Conjugates has originated from filamentous ancestors. 

The separation of the Conjugatte from the rest of the 
ChlorophycesB ia therefore to my mind based upon an erroneous 
supposition, and there is likewise no evidence to show that the 
complete separation of the (Edogoniales from the rest of the green 
Alg» is a just ODe. The Heterokontse is obviously a veiy natural 
class, but I have not transferred the Vaucheriacese to the Hetero- 
kontse nor the Cladopboraceee to the Siphonete. The genus 
Pnmola fass no relationship to the Ulotrichaceee and I have 
placed it in the order Schizogoniales. My arrangement of the 
Conjugat^e is also quite different from that given by Blackman 
and Tansley, particularly in the family Besmidiacess, of which I 
have given a natural classification. 

In those facts lie the main differences between the classification 
put forward by Blackman and Tansley and the one used for the 
green Algie in the present volume, which is based upon a very 
extensive and careful study of these plants for many years. There 
will also be found many differences in the genera themselves and 
in their disposition, as I have arranged them in a manner which I 
consider to be much more in accordance with their aflUnities. For 
example, the genera Radiojilum Schmidle and Hormoapoi'a Br^b. 
are undoubtedly feebly developed forms of the Ulotrichaceie and 
have no place in the Protococcace«; and the same is true of the 
genera Olaeotila Kutz. and Stichococcrts Nag. Dactylothece Lagerh. 
18 an elongated Olaocystis-like genua and has no relationship with 
either Dimorphococcua A. Br. or Scenedeamua Meyen ; and many 
other instances could be quoted. 
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Class 1. RHODOPHYCE^ (or Floride^). 

This class comprises the Algae usually known as the Bed 
Seaweeds. They exhibit a variety of colours from bright red and 
purple to dark brownish-reds, brownish-green, blue-green and 
black. Very few of the genera are freshwater forms. 

The thaUua is multicellular, very diverse in form, and consists 
of simple or branched cell-filaments which may be merely held in 
close proximity by mucilaginous material, or bound together by a 
tough iiitercellular substance, giving the thallua a parenchymatous 
appearance. The branching of the cell-filaments is very varied, 
the plants eshibiting many types of branching. The filaments 
increase in length by the repeated divisions of an apical cell. 
The cells are all protoplasmically continuous through pits in the 
transverse or cross-walls of the filaments. Each cell may contain 
one well differentiated nucleus, or more rarely the thallus may 
consist largely of coenocytes. The chromatophores are distinct 
and the chlorophyll is masked by either a red colouring-matter — 
phycoerythrin, or a blue colouring-matter — pkycocyamn. Some- 
times pyrenoids are present. 

Asexval reproduction takes place by motionless spores known 
as tetraspores (or tetragonidia), which are generally bright red, 
and have neither cilia nor cell-wall. They are produced in a 
tetrasporangium (or tetragonidangium), usually in variously ar- 
ranged groups of four. This is the most common form of repro- 
duction. Zoogonidia are absent from the entire class, 

fiexiial reproduction by male and female celts is wanting in 
some, but present in others. The female organ is a procarp 
which consists of a single cell containing a cell-nucleus, the 
carpogoniuTn, drawD out into an attenuated, hair-like process called 
the tnc}togyne. The latter is homologous with the receptive spot 
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of the ooephere of the green Algee. The male organ is aa an- 
Aeridium of variable form which gives origin to large numbers of 
male cells. Each male cell opens at the apex and sets free a 
rounded, nucleated mass of protoplasm, without a cell-wall and 
without cilia, known as a spermatium (or pollinoid). Fertilization 
takes place bj the attachment of the spermatium to the apex of 
the trichogyne and the union of their contents. As the nucleus 
of the spermatium diaappears, it travels down the trichogyne and 
unites with that of the earpogonium, this fusion having been 
observed by Osterhaut in Batrachospermum Boryanum^. 

The result of the fertilization of the earpogonium is the 

development of a fructification known as a cyetocarp (or sporocarp), 

and the different groups of the Bhodophyceie are characterized by 

the method of formation of this fructification. Sometimes the 

cptocarp is developed directly from the carpc^onium; but, fre- 

, quently, the fertilizing influence is handed on to other cells in 

the neighbourhood of the earpogonium, and conjugation occurs 

■ between outgrowths of the fertilized earpogonium (known as 

ooblaxtema JUamenta) and certain auxiliary cells, the final result in 

all cases being the development of the cystocarp and the production 

of carpospores. Whatever be the method of formation of the 

• cj-stocarp, the carpospores are always developed on a tuft of 

filaments wbich spring from fertilized cells and which are known 

as gonimoblasts. 

, The class is subdivided into four orders : — 

Order I, NemalionacecB. This order includes four families, 
of which the Lemaneacese is exclusively fresh- 
water, and the Helminthocladiesp includes several 
freshwater genera. 
Order II. ■^ryptonemiacete. One fiimily of this order, the 
y Squamariaceae, contains a genus of which there 

' are several freshwater species. 

Order IILuigartinacetB, Exclusively marine. 
, Order IV. ^RhodymeJiiacem. Exclusively marine. 

In addition to the four orders just enumerated, another group 
,. of Algse known as the Bangiac&e is often included in the Rhodo- 
! phyoese, but the systematic position of this group is very uncertain. 



' Ust«rh>at in Flora, liuvii, 1900. 
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The main argument for its inclusion in the Rhodophycese is 
derived from the red colour of the chromatophores, whereas the 
intercalary growth of the thallus and the absence of the pita 
between the thallus-cells are points gainst its inclusion among' 
the Red Algte. The so-called tetraspores of the Baogiacete are 
somewhat remarkable, the whole of the contents of a thallus-cell 
going to form one uncitiated, amoebiform Bpore. The sexual 
process is also of a very reduced type, far removed even from that 
of the simplest red Alga, The genus Bangia, which is a simple 
filamentous form, occurs on the shores of the British Islands and 
in the estuaries of the rivers, but it is not exactly a freshwater Alga. 



Order I. N EM ALIGN ACEiE. 

The fertilized carpogoniura gives origin directly to the gonimo- 
blasts, which are developed in tufts. 



Family 1. HSLMINTHOCLADIEJB. 

The thallus is filamentous, simple or branched, with the 
secondary axes often arranged in whorls. The main axis may 
consist of a single row of cells, or of a central oell-filamenb 
surrounded by a cortical ring of smaller cell -filaments. The 
gonimoblast is a short tuft of cell -filaments and the terminal cells 
usually form the carpospores. When the terminal cell has shed 
its carpospore, the supporting cell grows through into the old cell- 
wall and produces a new spore-forming cell. There is no definite 
wall to the cystocarp. 

Genus Batrachoepermiua Roth, 1797. This is an exclusively 
freshwater genus with a wide distribution in temperate and 
tropic!tl climates Most of the species prefer deep water in which 
there is a slight current, but more rarely they are found attached 
to stones in fast streams. They scarcely ever occur in stagnant' 
water, but are found frequently in bogs, usually at a point where 
a spring rises. The thallus, which is of a blue-green colour and 
enveloped in a thick coat of mucus, is remarkable for the great 
beauty and symmetry of its branching; sometimes it reaches a 
length of 16 — 20 cms. The plants are generally attached to 
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stones or wood by a number of thick old shoots ; these send off 
numerous primaiy axes which float freely in the water. The 
pHmaiy axis consists of a central filament of cells which grows by 




Fig. 1. A, BalrachotptTnatm martttifonae Roth, from MalhBln Core, W. Torks. ( x 2) 
B^C, Batrachoijiermum vagum (Both) Ag., from Thursle; Common, Sarre; i 
B ( K 3} ; C, Bin^le node with lateral branches, more highly magaiSed. D, ger- 
minating spore. E, protonemal growth. F, Female organ andtertilizatinn; 
1, Bpermatium ; c. osrpogonium ; t, triohogflle. (D, £, and F aftei Schmidle.) 

means of a hemispherical apical cell. The cells of this central 
iilameDt become swollen at each end, a dense whorl of branches 
being produced at each swelling (or node). From the basal cells 



„ Gooc^lc 



38 Rhodophycece 

of the branches secondary branches grow downwards over the 
main axis, forming a cortical ring of cell-filaments (sometimes 
termed the psendocortex). The apical cells of the lateral branches 
are frequently produced out into long hairs or bristles. The pro- 
carp is unicellular and is developed at the extremity of a small 
branch which stands out directly from the main axis, and which is 
termed by Sirodot the ' female axis.' The caq)ogonium possesses 
a short, straight, exposed tricbogyne', and after fertilization it 
develops the dense mass of gonimoblasts (frequently termed a 
'glomerulus') which constitute the cystocarp. The cystocarps are 
external, being developed amongst the dense wborls of branches, 
and the terminal cell of each gonimoblast produces a carpospore. 
On the development of the carpospore sporophytic shoots are 
formed which very much resemble species nf the genus Chan- 
transia; they are to be regarded as a kind of 'protonema,' which, 
under certain suitable conditions, develops into the sexual Baira- 
ch osper mum-plant. 

There are two more or less abundant species of the genus in the Britisb 
Islands, B. monili/ormt Roth (Fig. I A) and B. VMpim (Roth) Ag. (Fig. 1 B), 
each with a number of varieties. The latter is distinguished from the former 
b; the more or less unifonti development of the lateral branchea along both 
the nodes and intemodes of the inferior portions of the primary axis. A 
third species, B. atrum (Dillw.) Harv., with very short lateral branchea and 
long inteniodes, is leas widely distributed. Species of thia genus conimonly 
afford a home for epiphytes of the nature of certain species of Galothrix, 
Hapttlotiplum, Annnaioidea, etc., and numerous Diatoms and Desmids are 
frequently present in their enveloping mucus. 

Qenus Chantransia Fries, 1825. The plants belonging to this 
genus are much smaller than species of Batrachospermum and 
occur both in fresh water and in the sea. The freshwater species 
vary from about 3 to 7 mm. in length, and are usually found 
attached to rocks and stones in rapid rivers, cataracts and water- 
falls. The thallus consists of branched filaments of cells arising 
from a basal stratum, the apices of the branches being frequently 
much attenuated and almost piliferous. In colour the plants are 
all shades of red, purple and blue. There is an entire absence of 
the mucous coat which is so conspicuous a feature of Batracko- 
apermum.. It was thought for some time that all the species of 
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Chantransia were merely non-sexual stages of Batracfiospermum, 
and that under brighter condi- 
tions of light they underwent a 
metamorphosis, giving rise to 
the sexual stage or Batracfio- 
spermum. The carpospores of 
the latter genus develop a pro- 
tonema-like growth which bears 
great resemblance to species of 
Chantransia, and many of these 
growths, both of Batrachosper- 
mum and Lemanea, have been 
erroneously described as species 
of that genus ; but, at the same 
time, these have nothing to do 
with the valid genus (7^anfran4ra. 
The sexual reproduction of Chan- 
(ranato has only been fully worked 
out in one species — Ch. corym- 
bifera Thur. On the fertilization 
of the carpogonium it develops 
numerous goniraoblasts upward- 
ly and on one side. There is thus 
formed a naked corymbose cysto- 
carp, the terminal cells of the 
gonimoblasts producing the car- 
pospores. The antheridia are 
likewise developed in clusters. 
Asexual reproduction occurs by 
tetraspores and also by other 
spores which remain undivided 
and are known as ' monospores.' 
These, on germination, divide 
into four cells in one plane, 
giving nsc to the basal stratum 
from which the branched fila- 
ments spring. 

There are some aeven or eight British freshwater Hi>ecics of the geniin, nf 
which Ck. pi/gmaa Kiita. (fig. 2 A — C) and Ch. violacra Kutz. e«v perhupa the 
most frequent 




Fig. 2. A, Chuiilraiuia pygnuta 
Kfltz.. from Penjghent, W. Yorkg. 
( X 100). B and C, branchea of the 
same with 'monosporea' (m) ( x 300). 
D, Ch. MOtica Kutz., from Corovitll; a 
stnall portion of the thallua nhowing 
the pita in the traaaverse nalla ( t 400). 
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Geaus Tliorea Boiy, 1808. Tlus is a rare genus with only 
one species — Th. ramosissima Bory — ^which, although found in 
several of the rivers of France and Germany, has only once been 
recorded for Britain (&om Walton-on-Thames). It has a round 
filamentous thallus, which is much branched and reaches a length 
of 30 — 60 cms. It is about the thickness of a horse-hair, of a 
purple-brown or dark brown colour, and very mucous. There is a 
central solid axis consisting of filaments of cells, and arising from 
this axis are a very large number of short compact branches, which 
are slightly attenuated. The cells of the branches are fiom two 
to five times longer than their diameter. Schraidle' has recently 
worked out much of its structure and fructification, and this has 
been lai^ely confirmed by Hedgcock and Hunter*. This genus has 
been placed under the Phieophyceie, but the pigment, the presence 
of starch-like granules in the cells, and the naked non-motile 
spores, indicate a near relationship with certain of the Floridete. 



Family 2. LEHANEACEUE. 

This is a small group of exclusively fi%shwater Algfe including 
the two genera Lemanea and Sacheria. They are plants which 
only grow in rapid torrents, occurring attached to the rocks of 
waterfalls, to stones and wood in mill-sluices, etc., always where 
the force of the water is greatest. The thallus is composed of a 
basal, attached portion, termed by Sirodot' a " systeme radicant," 
from which arise csespitose tufts of erect, branched, simple fila- 
ments reaching a length of 3 — 8 mm. From portions of these 
filaments the fructiferous branches arise. These are the most 
conspicuous and important parts of the plant, in most species the 
vegetative portion dying away afler their production, and in a short 
time they become fixed by organs of attachment of their own. 
Each species is thus represented by two distinct seta of indi- 
viduals, the one vegetative and the other reproductive. 

The fructiferous branches are elongated, thread-like portions 

' SohmiAe, ' UnteTBUohangen dber Tborea ramosissima Bory' Hedwigia, Bd 



■ O. a. Hedgoock scd A. k. Hunter In BoUn. Qaiette, ixiviii, 1S99. 
' Sirodot, '^tude aaatomlque, organog^uiqae, et phjsiologiqoe de U Fftm. dea 
Lemon^acees,' Aon. Sd. Nst. Bot. Una. xvi, Paria, 1673, 
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of thejthallus, of a cartilaginous conaistODcy, and hang freely in 
the rapid torrent. They are of an olive-green or greenish-black 
colour and grow to a length of 15 — 18 cms. At short, more or 



Fig. 3. A, Saehfria mamillota Sirodot (nat. nine), from B. Wharfe, W. Torkg. 
B, portioD sliithtly magniGed showiiiH antheridiai areui, C, Ltmanta toraloia 
Klitx. (nat. aiie). D, portion slighll; magnified abowmR antberidial areas. 
E, Saeheria fucina (Boty) Sirodot. longitudinal section of fructiferous filament 
■liowinK female organ ; t, triobogjne. F. Ltniatua caltnala Kiitz.. tranaverRe 
MctioD o( huctiferoQB filamentii ahowin); antheridia; a, antheridial cell; 
1. ipormatinrD. (D, E, and F after Sirodot.) 

lesa reguW intervals along their whole length arc distinct swell- 
ings or nodes, and each nodulose thread is built up of an axial 
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row of tubular cells surrouDded by rows of smaller cortical cells, 
growth taking place in all cases by an apical cell. The only 
known method of reproduction is a sexual one. The antheridia. 
are short, cylindrical cells developed on the exterior of the tliallus, 
either on verticillate eminences or on the widest parts of the 
nodes. The procarp is unicellular and the carpogonium possesses 
a rather lung, transparent, simple or branched trichogyne. After 
the fertilization of the carpogonium an ooblasts ma- filament is 
developed from it, at the extremity of which a bunch of jointed, 
moniliform iilaments arise. Each of the swollen cells of these 
moniliform filaments becomes, when mature, a carpospore. 

The carpospores are thus produced inside the thallus, filling 
up the space between the central axis and the cortical cells 
of the fiTictiferous filaments. On development the carpospores 
produce the vegetative thallus, a protonema-Iike growth which has 
frequently been mistaken for a form of Chantransia. 

Oenus Lemanea Bory, 1808. The vegetative thallus generally 
persists for several months, and is very branched but never pili- 
ferous. The fructiferous filaments are torulose, being regularly 
inflated at even distances, and are normally simple. The central 
axis of tubular cells is surrounded by a series of spirally twisted 
axial filaments, and the aatheridial areas are in more or less com- 
plete rings round the nodes. 

L. torulota Kutz. ; em. Sirodot (fig. 3 C, D), and L. parmda Sirodot, are 
found in the rapid atreaniH imd torrents of uertain parts of the British lales. 

Oenus Sacheria Sirodot, 1872. The vegetative thallus is very 
fugacious. It is little branched, often piliferous, and existfi for 
about a month (generally December or January). The fructiferous 
filaments are cylindrical or setaceous and usually branched. The 
central axis of tubular cells is quite devoid of axial filaments and 
the antheridial areas are on maniilliform projections, arranged in 
a verticillate manner at regular intervals. 

Species of tbis genus are much more frequent than apecies of Ltmanea, 
Three Bpecies of the genus are widely distributed in the British Isles, — 
S. fluviatilu (Ag.) Sirod. (ayn. Le^nama JiuviatiliM Ag.), S. facina (Bory) 
Sirod., and S. mamilloia Sirod. (fig. 3 A, B), the l&at-mentioiied one being 
the most abundant. It apjieare that S. 7namUlt»it may Bometiraos occur in 
still water, as I have rei«nt)y examined sjtecjinena of thia species collected by 
Mr J. Murray from the west side of Loch Neaa, Inverness. It must be 
rememlmred, however, that Loch Nesa is a large body of \^'ate^ forming part 
of the Caledonian Canal, and i)robably numerous currents eiiirt in it 
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Order II. CRYPTONEMIACE^ 

The fertilized carpogonium seads out a long, branched ooblas- 
tema-filament, the terminal cells of each branch conjugating with 
an auxiliary cell. From the latter the gonimoblasts arise. 

Family 1. SQUAMARIACE.S. 

This family consists of a smalt group of marine, or rarely fresh- 
water Atgfe, which are minute, tlat, gelatinous or membranous 
expansions, commonly encrusting stones, 
shells, or larger Aigse. The thallus usually 
consists of dense, vertically arranged cell- 
filaments. Tetrasporangia are formed in 
various ways, and often give the surface of 
the thallus quite a verruculate appearance. 
The sexual organs are developed in cavities 
or ' conceptacles ' in the upper surface of the 
thallus. After the fertilization of the carpo- 
gonia these ' conceptacles ' contain numerous 
cystocarps. 

Genus HUdenbrandtla Nardo, 1845. 
This genus consists of a crustaceous expanded 
thallus, of a blood-red, dark red, rose, or 
brown colour, firmly adhering to r«cks and ^IftoptorTs^x'^)"""" 
stones on the sea-shore or in nvcrs and 
streams. The thallus is composed of compact, vertically arranged 
cell -filaments, with subcubical or oblong cells. The cell-walls are 
colourless and strong. 

There ia only one Britiali freshwater species — H, rivulariii (Liebm.) J. Ag. 
(&g. 4) — which occure as dark red patches on roclu aiid atonee in streamit und 
dripping places. 



Fig. i. HiUUnbraitdt- 
ia WcuEarii (LJebm.) J. 
Ag., from Shipley Ulea, 
W. Yotka. A, aecCion 
ot thallns. B. sarface 
!w (x400). " 
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Class 2. PH^OPHYCE^ (or Fucoideae). 

Almost all the Algee of this class are marine and are known as 
the Brown Seaweeds. They are often termed the Melanophycese. 
The thallus exhibits great diversity of form ; in some it is a 
aimple filament, in others a flat expansion of cells, and in others it 
is greatly difTerentiatcd. Thomost highlyorganizedofallseaweeds 
are members of this class of the brown AlgK. The vegetative 
cells possess one nucleus, and the chromatophores have a distinct 
brown tinge owing to the presence of phi/coph<mn and phycoxanthin 
(the compound pigment being known as phseophyll). The former 
can be extracted with water and the latter by means of alcohol. 

Asexual reproduction is by motile cells or zoogonidia. 

Sexual reproduction is either by isogamous or heterogamous 
gametes, the conjugation of the gametes or the fertilization of the 
oospheres taking place in all cases outside the plant. Tbe zygospore 
or the oospore always germinates directly. The motile reproductive 
cells, whether zoogonidia or gametes, invariably possess two cilia, 
inserted laterally, and in their movements one cilium is carried in 
a forward direction and one in a backward direction. 

The class is divided into a number of orders of which only one — 
— the Syngeneticte — is freshwater. 



Order I. SYNGENETIC^. 

The plants included in this order, which is sometimes termed 
the ' PhsBozoosporinai,' are exclusively freshwater. They are Alga* 
of little note or importance, and may be either solitary or colonial 
unicells, multicellular, free-awimming or motionless. The cells are 
often naked, but at other times are surrounded by a mucilaginous 
cell-wall. In some of the multicellular forms the cells are only 
loosely held in position by a copious mucilaginous envelope. There 
is one cell-nucleus and one or more pulsating vacuoles. The 
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chromatophores, which are of a yellow or pale brown colour, may 
be solitary and excentric, or sometimes two io a ceil, and pyrenoids 
are occasionally preaeot. Vegetative multiplication occura by 
aimple cell-fission and asexual reproduction takes place by means 
of zoogonidia. 

The following seven families are the most important : — 
Fam. Hydruracew. ffydrurua Ag. 
Fam. Cryptomonadinacem. Cryptomonas Ehrenb. 
Fam. Chrysomonadinacece. Syncrypta Ehrenb. Synura 

Ehrenb. Uroglena Ehrenb. 
Fam. DinohryacecB, Dinobrymi Ehrenb. 
Fam. PfuBocapsace(B. Pkceocystis Lagerh. Phaeococctus 
Borzi. PfuBosphcera West & G. S. West. 
Stickoglcea Cbodat. Pkceschieochlamys Lemm. 
PhcBodactyton Bohlin. 
Fam. ChoristocarpacecB. Plearoctadia A. Br. 
Fam. Phceothamniaceix. Phxothamnion Lagerh. 
Only four of the above families are known to be represented 
in Britain, but probably all the others will be found in more or less 
abundance if searched for. Many of the plants of this order are 
plankton-forms, and the lamiliea Cryptomonadinacese, Cbryso- 
monadinacete and Dinobryacese are truly flagellate in character. 

Family 1. HTDRTTBACKS. 

The plants are attached, branched, and consist of a colony of 
unicells. The cells are at firat spherical but afterwards become 
almost spindle-shaped, and are embedded in large masses of 
mucilage. They have one chromatophore and are destitute of a 
cell-wall. Asexual reproduction takes place by zoogonidia which 
are tetrabedric in form and possess one cilium'. They are only 
produced in the branches, two or four from each cell, and they 
germinate directly. After having come to rest, the zoogonidia 
attach themselves by the clear apex (at which point the cilium 
was inserted) and secrete a stalk-like mass of mucilage. This cell 
is the beginning of a new colony which is developed subsequently 
by its repeated divisions. Certain of the peripheral cells take on 
apical growth and produce branches. Resting spores (akinetes) 
have also been observed by Lagerheim. 

> Ctt lAgetheim in Ber. Deatseh. Bot. OeMll. 1868, p. 80, fig. lylogr. 1— B. 
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Genua Hydrama Ag., 1824. The plants are branched colonies 

of unicellular units embedded in a tough, cylindrical mucilage. 

,,„^ They vary from about 5 to 30 cms. in length 

Jr^^k f*^^ *re of an olive green colour. The 

^p I whole colony is simple below but branched 

y I above, often cut up into fine penicillate 

S ^ divisions, and covered with small villous 

» projections giving it a plumose appearance. 

K * The entire structure behaves almost aa a 

'^E multicellular plant, growth in length being 

'WL ""^^^Hw*- entirely dependent on single apicail cells, 

^ft ^^r^ ^"'^ ^^^ branching is usually monopodia!. 

^K W B The cells are commonly ellipsoidal and are 

Wr '■ more densely crowded in the small branches 

Fig. 5. Hydrunu than in the main stems and branches. After- 

/mtida, (VUlo Kiroho. ^^rds the culls elongate and become ar- 

A, nat. size. B, zoogooi- . " ■ , . • , 

dium (after Lagerheim). ranged more or less in longitudinal groups. 

S. futidut (Till.) Kircliu. is found attached to stoneB and rocks in 
mountain streams. It is a sticky plant and gives offau offensive odour when 
alive. It is common in Central Europe and in the Arctic regions when the 
BDOWB melt in the spring, but in the British Ixlands it is of very rare occur- 
rence, being known onl; from Yorkshire and Scotland. 

Family 2. CHRY80H0NADINACE.S. 

These are unicellular or colonial organisms which in the free 

condition are motile. Each individual 

consists of an oval or elongated cell, with 

either one or two cilia and either one or 

two brownish -green ch rem atop h ores. A 

red pigment spot is generally visible. The 

cells increase by longitudinal division. 

Genus Synura Ehrenb., 1838. This is 

^ a small, globose, free-swimming colony, 

Ehrenii *■ slnr loion'" ^'^^"^^^ °^ » variable number (from 10 to 

( K 400), from Eldwiok, 50) of ovoid or ellipsoid, biciliated indi- 

W. Yotks. viduals. They are arranged close together 

in a radial manner, and each individual possesses two chromato- 

phores and at the hinder end two pulsating vacuoles. 

Synura VveUa Ehrenb. (fig. 6) is commonly found in small ditches and 
jiools, particularly if they are of rain-water. Pure collections of it can be 
frequently obtained in the early s 
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Genus Syncrypta Ehrenb., 1838. This is a motile colony 
similar in appearance to 8i/nura but invested with a mucilagiaous 
coat through which the cilia protrude. 



a abnadaut organism which beara great 



Syncrypta Volvox Ebreab. in 
resemblance to Stfuura Vvtlla. 

Genus TJroglena Ehrenb., 1838. In this colonial form the 
cells are of the same nature as those of Si/nura, but the central 
portion of the colony is a hollow space filled with mucilage, and 
the ciliated cells are arranged round the periphery. 

UrogUna Volvox Ehrenb. is found in similar aituations to those mentioned 
for the two previous genera. It is, however, much less abundant. 



Family i 



DINOBRYACE.&. 



The individuals are attached to the bottom of a cup-shaped 
receptacle, which is widely 
open above. They are con- i 

tractile and possess two cilia \ 

of unequal length. / 

Genus Dinobryon Ehr,, \ / 

1833. The cells are very 
delicate, of a somewhat 
changeable form, and are 
sensitive to stimuli. The 
lower end ia attenuated into 
a stalk which is attached 
near the base of the open 
receptacle. There is one 
long cilium and one shorter 
secondary cilium. The chro- 
matophores are two in num- 
ber and of a yellow -brown 
colour. There is a pigment 

Spot,tWOCOntractilevaCU0leS, Fie. 7. A, Dinobrsaa cylindrieuttt Imhof 

anil nnp cpl)-nni>1^iin The ""■ direrjffni Lemm.; two IMng eiample« 

and one cell nucleus, ine ,,^^ Eldwiek. w. YorkB. (x730). b. en- 
receptacle is campanulate or oyated condition of same. C, Dinobryon 
rv\'ini\ririi\ n.tt.^niiAfMl at its Sertularia Ehrenb., colony with individuals 
cylinoncai, accenuai«a at its enoysted. from Cornwall { X 410) ; e, ojsto. 
lower end into a straight or 
oblique point ; it is hyaline or sometimes coloured yellow or brown 
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with oxide of iron, aad the margiiiB may be amooth or undula.t>e. 
The multiplicatioD ie by longitudioal division or by the formation 
of globose resting-cellB (or cysts) which are furnished with a 
peculiar projecting process (fig. 7 B and C). The cells occur singly 
or joined into dense, spreading colonies. The daughter-cells effect 
a lodgement above the inner rim of the mother-receptacle and 
then secrete a similar receptacle for themselves. Senn' has written 
a good account of this genus, and Lemmermann* has published a. 
monograph of it, discriminating between fourteen species. 

Three species, D. Serttdarta Ehrenb. (fig. 7 C), D. lociaie Ehrenb. and 
J>. cylitidnottm Imhof, and varietieH at them, &re abuudaut throughout the 
British leles, the first-Darned one being the moat widely distributed. Species 
of this genus are verj abundant in the freshwater plankton, the oolonies of 
each species exhibiting a characteristic type of branching. D. protitberan* 
Lcmm. and D. dongcUum Tmhuf are generally distributed but not abundant. 



Family 4. PHJBOCAPSACBdi. 

The plants are unicellular, forming colonies, the cells of which 
are embedded in a ma^ of mucilage. The cells are spherical or 
ellipsoidal and division takes place in all directions. The repro- 
duction is by zoogonidia and zoogametes. 

Qenus Phteococcus Borzi, 1892*. The cells are ellipsoidal or 
oblong-ellipsoidal, 6 — 11 /i in diameter, 
and occur in twos, fours, eights or mul- 
tiples of these numbers, in hyaline 
gelatinous integuments which some- 
times show a delicate concentric struc- 
ture. There are two yellow-brown 
chromatophores in each cell and usually 
a red pigment-spot. The zoogonidi& 
are ovoid or subpyrifomi. 

P. £7eMitniI( (Menegh.) Borzi has not been 
observed from Britain, but P. palndotu* West 
& G. S. West occurs in moorland ditches. 



' Borzi it) Atti del Congr. Bolan. Intemats. Oenova, 1892, pp. 468—471, t. iTiii. 
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Fig. S. Phaococcui palu- 
doMiu, West & U. a. W«flt, from 
Eldwick, W. YoFkB. ( x 410). i, 
zoogonidia. 



n,s,t,..dDi. Google 



Ph(E0Cap8WSe£B 49 

Genua FluMBphfera Weet & Q. S. West, 1902. The cells 
are large, exactly spherical, 14 — 17'6^ 
in diameber, and are embedded in small 
aggregates in a cylindrical, gelatinous 
integument which is sparsely branched. 
One brown.parietal chromatophore with 
somewhat irregular margins is present 
in each cell. 

P. gOatincta West & G. S. West {fig. 8) is 
IcDOWD from Sphagntan-'^)o^ in Cornwall 

Genus Stlohogloea Chodat, 1897*. 
The cells are small, oblong or aubovoid 
in shape, and are associated to form a 
membranous, gelatinous thallus of small 
size. The thallus is generally variously 
lobed and the cells are often somewhat 
radiately disposed. The cell-walls are 
firm and each cell contains a parietal 
chromatophore destitute of a pyrenoid. 

■S. olivmxa Chodat is known from the 
pUnlrton of certain of the Scottish lakes, 
liength of oells 9— 15/t. 




' Chod4( in BnU. L'Harb. Boln. torn. i 



Fig. 9. Plueotplutm getatU 
ntna West ft G. S. West. A, 

portion of colony ( x BO). B 
andC, Delia ihowing tbeeolitaij 
chromatophorea ( x 410). Fiom 
Tremethick Moor, Cornwall. 

I, 1887, p. 303. t. 10, f. 8— la. 
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Class 3. CHLOROPHYCE^. 

This group, which includes all the green Algee, attains its 
greatest development in fresh water, and the number of speciee 
exceeds the combined total of the freshwater species of all other 
Algffi. 

The simpler forma of green Algse are unicellular (e.g. some of 
the Protococcoidete and DesmidiacesB), some are ccenocytic (e^. 
Vaucheriaceas, SphseropleaeeEB, Pediastrete), some are incompletely 
septate (e.g. Cladophoracese), and others are multicellular or com- 
pletely septate (e.g. CEdogonialea, Ch^tophorales, Zygnemacess). 
In other than the unicellular forms the thallus exhibits eveiy 
degree of development from simple rounded cells to long, simple 
or branched filaments, flat expansions, or pulvinate masses of 
tissue. As a rule there is no differentiation of the ordinary vegeta- 
tive cells, but in some there is a marked distinction between the 
vegetative and reproductive cells. 

The cell-protoplasm, (or cytoplasm) of the green Algte consists of 
a lining layer ot- ' primordial utricle ' which adheres closely to the 
cell-wall', and, in many AlgEe, of additional anastomosing strands and 
threads traversing the interior of the cell. It contains numerous 
granules of variable size which behave differently with staining 
reagents. Evidence goes to prove that there is no definite proto- 
plasmic continuity between the cells of multicellular green Algee. 
A division of labour is rarely observed amongst this class of plants, 
and in the Conjugatce the cells of most of the filamentous forms 
aro under normal circumstances quite able to lead an independent 
existence. The vacuoles are much as in other plant-cells and they 
contain a fluid usually known as the cell-sap. In the Conjugate 
the cell-sap is occasionally coloured violet or purple owing to the 

' Sur U PlnnnoljM el Ik membrane plaamique,' 
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presence of a pigment termed by Lagerheim phycoporphyrinK 
This violet colour" occurs normally In Ancylonema Nordenskioldii 
Berggr., MesoUenium viUascem De Bary, M, purpureum W. & 
G. S. West and Mougeotia oapucina (Boiy) Ag., and under excep- 
tional circumstances it ie found in various species of Zygnema, 
Spirogyra and Desmids. The Volvocaceie and the zoogonidia and 
gametes of other green Algse possess vibratile cilia, which are very 
variable in their length, number, disposition, and symmetry ; and 
in certain of the same forms contractile vacuoles are present. In 
the genera Tetragpora and Apiocystis ' pseudocilia ' are found, 
which do not possess any power of movement. 

A single nucleus is present in the cells of all the green Algse 
except the coenocytic and incompletely septate forms, and during 
the formation of asexual non-motile spores, zoog<»udia, or gametes, 
it undergoes divisions corresponding to the divisions of the proto- 
plasm. In some green Algse mitotic' division of a more or less 
complex character has been observed'. 

The celt-wall is very variable and its structure is often difficult 
of observation. In the formation of a cell-wall such as after the 
quiesceoce of a zoogonidium, it is developed on the outer surface 
of the protoplasm as the result of more or less complex processes. 
The young cell-wall usually consists of cellulose, but sometimes 
equally of pectoae. Under the action of strong acids or other 
hydrating reagents an ordinary thick cell-wall will swell up and 
show traces of lamination. Each lamina represents successive 
layers of growth in thickness and in most plants consists of a 
mixture of cellulose and pectose constituents in variable propor- 
tions. In the Chlorophyceffi these two constituents of the cell- 
wall are differentiated while the wall is very young. They exhibit 
considerable differences in their behaviour with reagents, the 
cellulose constituents giving a violet colour with chlor-zinc-iodine 
(Schulze's solution), whereas the pectose constituents do not. In 
Diany Algse the pectose constituents of the cell-wall are in the 
torta of gelatinous layere on the outside of inner layers of cellulose. 
This mucilaginous material stains readily with aniline dyes such 

> IiAgeTbeim in VideDslc-Selak. Skrift., I mathem.-natQi. El., Srutimiia, 1695, 
in Spirogyra by Mitzkewitmh (Flora, Uiiv, 1898) i 
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as fucbsin, eafirsjiiii, methylene-blue aod gentian-violet. The outer 
layers oflen become thick coats of mucilage by the formation of 
series of pectoee constituents which exhibit all stages between 
insolubility and complete solubility in water. It is not merely a 
hydration but a molecuhir chanf^, and successive increments are 
often added by the gelatinization of other layers of the cell-wall. 
In some of the unicells the increase in thickness of the cell-wall 
due to gelatinization is only on one side and elongated colonies 
such as those of Hormotila are formed. 

The gelatinous pectose compounds although sometimes forming 
a large proportion of the cell-wall, do not alternate with layers of 
cellulose, but there appears to be a continual exudation of them 
through the inner layers of cellulose, a mass of jelly being thus 
formed on the outside of the cellulose wall. This is best seen in 
some of the FrotococcoideEe and Conjugatse. The mucilage in 
which filaments of Algie are so frequently embedded exhibits a 
distinct radiating fibrillar structure which is clearly brought out 
by various reagents. The radiating structure of the enveloping 
mucus has long been known in the Conjugatte and has at times 
given rise, especially in the Desmidiaceie, to grave morphological 
misconceptions. 

The cell-walls of (Edogonium and other Algse exhibit peculiari- 
ties of structure which will be described in their respective &milies. 

Whatever the nature of the cell-wall one of its primary func- 
tions is the regulation of osmotic changes. 

Hairs and bristles are developed by certain green Algse belong- 
ing to the Coleochtetacete, Herposteiracese, CEdogoniaceEe, Ctueto- 
phoraceee and ChsatopeltidEe. They are of many kinds, &om 
slender articulate branches such as the piliferous apices of Oueto- 
pkora, to exceedingly fine inarticulate hairs such as the setee of 
BulbotJuete, Herpoateiron, Cltcetosphceridiuvi, or Gonochate. 

The thallus often develops special root-like oigans of attach- 
ment or haptera (commonly termed rhizoids), but these are as a 
rule only found in the young plants, most of the older ones occur- 
ring as finely fioiiting masses. 

The chromatopkorea are usually distinct and in the forms with 
a filamentous or expanded thallus they are frequently characteristic 
of the different families or genera. They are of a bright green 
colour due to the presence of chlorophyll and are therefore chlaro- 
plasts. Sometimes they are very difficult to define, but at other 
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times they stand out clearly, occupying only a relatively small 
portion of the cytoplasm. They may be solitary or very numerouB, 
of infinite variety of form, central or parietal, and the edges may be 
entire or deeply incised. In some forms they are ribbon-like and 
wound spirally round the interior of the cell-wall {e.g. Spirogyra, 
Qmicularia, and some species of Spirottsnia), and in others tiiey 
are central, spimlly twisted masses (e.g. some species of SpiroUBnia). 
Sometimes they are reduced and very pale in colour, and in the 
rhizoids and terminal celb of the haini of some green Algie they 
are entirely wanting. 

The chloroplasts of most green Algee contain pyrettoida or 
proteid bodies which serve as a reserve of food-material. Much 
has been done towards the investigation of these bodies during 
the past few years and the presence or absence of pyrenoida has 
been regarded by some as a sufficient generic distinction. This is, 
however, attaching an importance to these proteid bodies which is 
scarcely borne out by fects. Although they frequently divide 
equally on the division of the cell, they also multiply without any 
cell -increase. They are likewise known to disappear during the 
development of certain species, and it has been clearly demon- 
strated that during certain stages of Tetraspora, Sphterella and 
Eudorina they can arise spontaneously. Moreover, forms of An- 
hiatrodeamiu /alcatua (Corda) Ral& containing pjo^noids are 
sometimes met with in the same collection as others which have 
no pyrenoids. Similarly, the chromatophores of Deharya cala»para 
(Palla) W. & G. S. West may or may not contain pyrenoids'. 
Starvation causes a disappearance of pyrenoids and they frequently 
increase in numbers if the cell is well nourished. On the whole, 
there is little doubt that the presence or absence of pyrenoids 
depends largely upon external conditions and is a character to 
which a great deal too much importance has been attached in 
discriminating between the genera of green Atgte. 

In the Chlorophycese the stored product of assimilation la almost 
invariably starch. Exceptions to this are found commonly in 
ifesotanium in the Deamidiacece and in the Vaucheriacete. 

Cell-division generally takes place in all the cells of the 
thallus, but in a few instances there is a definite growing point 
which is usually an apical cell. 
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MultiplicatioD by cell-division occurs in many of the loTTer 
forms of the Protococcoideie and in the Desmidiacese. In the 
Zygnemacese, and particularly in the smaller species of Spirogyra, 
the filaments often dissociate into solitary cells each of which then 
divides and forms a new filament. 

ABeantal reprodueiion by zoogonidia is general throughout the 
class, although there is a notable exception in the Conjug&tfe, in 
which motile reproductive cells are entirely wanting. In many of 
the Chsetophomles, Microsporales and Frotococcoidefe reproduction 
takes place by non-motile spores which may be either skinetes or 
aplanospores. Asexual spores are also more rarely found in the 
ConjugatiB, having been observed in Zygnema, Spirogyra, and in a 
few Desmids, and they are formed normally in the rare genus 
Qonatonema. 

SeanuU reprodttetion occurs in most of the bmilies of green 
Algse, and may be either isogamous or heterogamous. In iso- 
gamous reproduction the sexual organs are gametangia, usually 
giving rise to planogametes which conjugate and produce a zygo- 
spore. In the ConjugatsB only aplanogametes are found. Many 
planogametes are generally produced &om one gametangium, but 
only one aplanogamete. In heterogamous reproduction the sexual 
organs are oogonia and antheridia, and the gametes consist of 
ooapheres and antherozoids. In all cases with the exception of 
Herposteiron, the oosphere remains in situ in the parent plant, 
being fertilized within the oogonium, and the result of fertilization 
is an oospore. The oogonia are always unicellular, and, except in 
Cytindrocapea and some species of (Edogonium, so are the anthe- 
ridia. Only one oosphere is produced in an oogonium, except in 
Spfueroplea, and one, two, or many antherozoids may arise from an 
antheridium. 

The gametophyte is the principal generation, the sporophyte 
being generally represented by the sexually-produced spore. In 
Goleochcete, in (Edogonium, and in Mougeotia very rudimentary 
sporophyte generations consisting of several cells do exist. 

Of tdl freshwater Algse the Chlorophyce» have the most varied 
habitats. They are found in eveiy possible damp or wet situation 
and some are epiphytes, others eodophytes, and a few are even 
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Richter^ and Comire' have conducted experiments with a view 
to ascertaining if certain of the freshwater Algse, especially Chloro- 
pbycese, can exist in salt water. Richter states that the lower the 
organization of the Alga the better its power of adaptation, but 
Comere finds that only those Algse with a robust structure and 
with large chloroplasts can successfully withstand immeraion in 
salt water. Some speciee of (Edogoniwm. and Cladopkora can 
live in water containing 3'5 "/„ of sodium chloride, Vauekeria 
legtilis in water containing 2 %, and some of the large species of 
Spiroffyra in water containing from 1"8 — 2°/^. Richter affirms 
that (Edogonium, Spirogr/ra, or Va^^chsria have less power of 
adaptation to life in salt water than S^hwoccus or Tetraapora, 
In all cases the salinity of the water caused the cells to increase in 
size and when the concentration was high malformation of the cells 
invariably occurred. Starch at first disappeared from the cells, 
but reappeared when the adaptation was more complete. Not- 
withstanding the somewhat contradictory nature of these two sets 
of experiments, it appears that certain of the freshwater Chloro- 
phyceie can adapt themselves to an increasing salinity of the 
water in a manner comparable with the adaptation of a few forms 
of the green Algte to a life in hot water*. 

The class Chlorophycete can be conveniently subdivided into 
nine orders, all of which are found abundantly in the British 
Islands. 

Order I. (Edogonialet. Thallus filamentous, simple or 
branched. Cells uninucleate, with a large, parietal, 
anastomosing chloroplost containing one or several 
pyrenoids. Cell-division characterized by the inter- 
calation of a new piece of cell-wall between the 
mother-cell and the distal end of the daughter-cell. 
Sexual reproduction by heterogamous gametes. 
Zoogonidia with an anterior circle of cilia. Ex- 
clusively freshwater, 

■oath of Fnuiae; P. titaximu* la^eth., P. PhilodendH Lftgerh. and P. Alocaiia 
I«gciTh.mre paruiteBoii the leaves ot species of ^n'jarun, PhilodeTidmm and AUxaiia 
in Emsdor [mde Lagerheim in NaoTa Notarisis, 1892, pp. 120—134). Trichophilni 
Weber i* a gflQiu ol AlgB paraiitie on the haiia of Bradyput (the Three-toed Bloth) ; 
another Bpemn has also been found on EpBoiea of Nmia {CUnuilia); ct. LaReiheim 
■D BMJehl. der Dentaeh. Boi OesellMh. 1893, Bd i. Heft B, pp. 614—517. 
1 Uebter in Flora, Ixit, 189S. 

* J. Ci>tatn in Noova Nolarlna, tiv, lOOS, pp. IS— 91. 

* a. a. West in Jonni. Bot. Jul;, 1M3, pp. 243—343. 
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Order II. Ghatopkoralet. Tballus filamentous, eometimea 
simple, but more often branched. Cells uninucleate; 
chloroplaats parietal, generally single and with pjre- 
noids. Sexual reproduction either isogamous or 
heten^amous. Mostly freshwater. 

Order III. Ulvales. Thallus expanded, membranous, paren- 
chymatous, attached when young. Cells uninu- 
cleate ; chloropUsts single, parietal, with one pyre- 
noid. Sexual reproduction isi^mous. Mostly 
marine. 

Order IV, SchitogoniaUs. Thallus fiUmeutoue, sometimes 
parenchjonatous, or expanded by fusion of filaments 
in one plane. Chloroplast single, central and 
substellate, with one pyrenoid. Mostly subagrial. 

Order V. MicrosporaXea. Thallus filamentous, unbranched. 
Cells uninucleate, with a large, parietal, reticulated 
or band-like chloroplast, destitute of pyrenoids. 
Exclusively freshwater. 

Order VI. Cladophorales. Thallus filamentous, simple or 
branched, incompletely septate. Segments large 
with numerous parietal chloroplastB each with a 
pyrenoid. Sexual reproduction isogamous or hetero- 
gamous. Marine or freshwater. 

Order VII. Sipfwnem. Thallus filamentous and coenocytic, 
unseptate, consisting of one large branched cell 
with many nuclei. Chloroplasts numerous, without 
pyrenoids. Sexual reproduction heterogamous. 
Mostly marine. 

Order VIII. CunjugaUe. Thallus unicellular or fiUmentous. 
Cells uninucleate ; chloroplasts single or several, 
usually large and of some definite shape, with 
pyrenoids. Sexual reproduction by isogamous 
aplanogametes. Exclusively freshwater. 

Order IX. Protococcoidete. Small unicellular, multicellular 
or colonial Algce. Cells uninucleate or coenocytic; 
chloroplasts very variable in form, size and dispoai- 
tioQ, with or without pyrenoids. Sexual reproduc- 
tion of an isogamous or heterogamous character is 
known in some. Almost exclusively freshwater. 
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Order I. CEDOGONIALES. 

In this order the thallus consiste of fixed, eimpte or hremched 
filaineDts. The cells possess a single nucleus and the chloroplaat 
is a parietal, more or less cylindrical, anastomosing mass of chloro- 
phyll, containing one or more pyrenoids. The vegetative division, 
in vhich a curious interpolation of new pieces of cell-wall takes 
place, is peculiar to the order. The zoogonidia are also anomalous, 
being characterized by a circlet of numerous cilia round the 
anterior end. In the autumn, plants of this order frequently have 
their cells packed with starch. The sexual organs are well-dif- 
ferentiated oogonia and antheridia, and the sexual reproduction is 
greatly specialized. There is only one family which includes three 
genera, two of which are abundantly found in the British Islands. 

Family 1. (EDOGONIACEJE. 

This family is represented in the British Isles by numerous 
species of the two widely distributed genera (Edogonium and 
BulhoditBte. The young stages of these plants possess well-de- 
veloped organs of attachment, but most of the species of (Edogo- 
nium float freely in the water when adult. The thalliiB_ is simple 
or branched and some of the cells exhibit a .peculiar inmsveise 
atTTnHfvi] flt. ttipip upppT pv»it>m;t;L.o Xhis is particularly notice- 
able in the large species of (Edogonium and is the_ result of inter- 
calary _aurfa ce growt h. Beneath one of the transverse cell-walls 
an annular cushion of cellulose is deposited, and after each division 
a circular split is formed in the cell-wall opposite this cushion, the 
two parts remaining very slightly separated by a new piece of cell- 
wall derived from the cushion of cellulose. The rings or cushions 
of cellulose were investigated by Him', who found that they 
consisted of a central mucilaginous mass, surrounded by a coating 
of cellulose formed as an inner cell-wall layer, which becomoa 
intimately concrescent with the old membrane above and below 
the ring. After^each division another slit is formed beneath aad 
close to the first one, the process being repeated until the u^jper 
^■n^^ jff-'i^c wlF frfiflll'^H'^Y ]"^''p"'^^'' the appearance of havjng a 
number o f 'caps' placed one over_the othej (figs. 13 B andC; 
14 A), each ' cap ' indica ting a division of the mother-cell. . 
' Him in Acta 9oo. Bcient. Fennics, ixvil, 1900. 

i..niP,..i-,:,G00glc 
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Most of the cells in Butbochcete are fumiBhed with loii^ 
tubular briatlea and the terminal cell of the filament in one or 
two species of (Edogonium also ends in a long bristle (fig. 14 C). 

There is one large chloroplast in each cell disposed in the 
form of a cylindrical net-work, a large proportion of it fonning 
anastomosing cushions on the inner surface of the cell-wall. The 
pyrenoida vaiy from one to several according to the species, and 
sometimes the number varies in diflFerent cells of the same plant. 
There is usually one nucleus with a prominent nucleolus (fig. 10 J n), 
situated ia a more or less central position. The nucleus occasionally 
divides without a corresponding division of the cell. Growth of 
the filaments takes place by the transverse division of any of the 
vegetative cells. 



i 



Fig. 10. A — I, (Edogonium sp., from FrizinghaU, W. Torkehiie, Bhowing etrngee of 
oDe tjpe of development from t, zoogoaidium in whioh ths basal cell does DOt 
beoome grestl; swoUeD ( x 460). p. pTrenoid. J, (Edogonium Rp., from Shipley 
Oleu, W. YorkBhire, after treatment vith Acetio Aoid mid Hnmatoijlin, ahow- 
ing naelai (n), x 460. 
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Asexual reproduction takes place by means of zoogonidia, which 
are formed singly from ordinary vegetative cells. There is a re- 
jnvenescence of the entire cell-contenta, a large rounded mass 
being formed, which ultimately escapes. In (Edoffonium this 
process may take place in any of the vegetative cells of the 
filament, whether terminal or not, 
and it sometimes occurs in a 
yonng plant consisting only of one 
cell. The cell-wall splits into two 
halves by a transverse slit near its 
upper extremity and the rounded 
mass of reju venized protoplasm makes 
its exit in a delicate hyaline vesicle. 
This mass assumes a pyriform shape 
and at the narrower end a small 
colourless protuberance is formed, 
round the base of which arises a 
circle of numerous cilia (fig. 11 z). 
This striking zoogonidium, which 
may or may not p<»ses8 a red pig- 
ment spot, quickly swims away, the 
entire process lastiag o nly ^ _fcw 

minutes. On cominj; to rest it _, .,, 

— T- . .._ . * . _ _. Fig.ll. The B«!*pe of the M)0- 




end, loses its cilia, and develops a (!»'«»;,. *• ^^9o«i'«^ ^oiHi (Le 
II II TL- 11 I,.- 1 1 c CLlWittr.. from new SenenB. Corn- 

cell-wall. IniB cell ultimately lorms vail. B, <E. Himii Ontw., from 
a new filament by tnmsveree cell- ChnrohiU, Doneg^, Ireland ( x 460). 
division (%. 10 E— I). The basal 

eel! may be rounded and swollen or it may develop a hapteron or 
organ of attachment (fig. 10 A — D). 

Wille has observed resting-spores in some species ofCEdogonium'. 
The sexual reproduction in this iamityof Algte presents a 
greater specialization o f the male and female organs than is found 
in_My^ther &mily of the green Algs. The oogonia may be 
developed from any of the ordinary vegetative cells, and most 
frequently arise from cells which exhibit intercalary surface growth 
at their upper extremities. They are usually spherical or ovoidal 
in form and occur singly or in series of fit)m 2 to 10. The contents 
of each oogonium become rounded off, forming a single oosphere 
> Vm Bot. Centnlbl. xvi, 1883. 
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which contaiDB much chlorophyll. The autheridia mAy be developed 
in the same filament aa the oogonia, as in the motuBciaus species 
(fig. 12), or they may 
arise in separate male 
filaments, as in the diae- 
cioua Bpecies (figs. 13 and 
14). The antheridia are 
sometimes unicellular, 
consiatiog of a short cell 
rather narrower than the 
ordinary vegetative cell 
and containing less chlo- 
rophyll. More firequently, 
however, they consist of 
more than one celt, and 
occasionally of a dozen or 
more, the contents of each ■ 
antheridial cell dividing 
into two masses each of 
which becomes an anther- 
ozoid. Barely only one 
antherozoid is produced 
inan antheridial cell,jrhe„ 
anth L'rozo i ds_ arf* limilnr 
in form to the zoogonidia 
and ara ciUaled—iB - tb^^ 
same way, hut t.hpy ar^ 
smaller and conta in less 
chlorophyll 

Dioecious species in 
[which thti male filaments 
lare large and but little 
inferior in size to the 
[female filaments are said 
to be jiice^oti^ma^r<in- 
drQtia (fig. 13). 

There is, however, another type of dioecious species in which the 
male plants are very small and are attached to the female plants ; 
these are said to be dioecious nannandrovg (fig. 14). This type 
requires a further description. Certain short cells are produced in 




Fig. 12. MonceciouB Species of (Edogontum. 
A, a form ol (E. obiolttvm Wittr., from near 
Goring, OifordsliiTe. B, (E. tig-xag Clave var. 
Tobuitvm West A O. S. West, from HareBeld, 
Middlesei. C, (E. luigiohnii De Bar; var. minor 
West, from the Orkne; b. D, (E. Ahlttrandii 
Wittr., from Pilmoor, N. Yoikahire (k460). 
00, oogoninm ; a, antheridiDm. 
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the female filaments either singly or in chains, each cell being 
lai;ger than the antheridial cells of the moncecioua or dicecious 
macrandroas species, and known aa °" fliTlrfrfiifTirTfilW^'"™' '^^^ 
androsporangium is usually produced in the neighbourhood of an 
oogonium and becomes the mother-cell o f a m otij e ciliat ed spore 
known as an androftp r^f, — 
intermediate in size between 
an antherozoid and a zoogo- 
nidium. Each androsgore 
swims aboiuTor a time and 
then attaches, itself to the 
female plant, either actually 
on the oogonium or on some 
adjacent cell, ' It then sur- 
rounds itself with a cell-wall 
and grows into a very small 
male plant known as a 'dwarf- 
mate' or a nannandrium. 
The dwarf-male usually con- 
sists of a basal vegetative 
cell which supports one or 
more antheridial cells, but 
occasionally it is reduced to 
one antheridial cell only. 
Two ant herozo ids jriae ^ in 

onfji_^r^t.|ig|-iJifl,]""r-p11 an— i**- 

the or dinary monceciou s and 
dioecious^, specifia*. and they 
are"§t_freeJ)y_the,q)littiBg 

one antheridial ceH-ot-by Wittr., fr. , -, ^ , „ , 

-- ■ -77 , B&me. C, female plant of <E. lautunutiarum 

thp p-pnprft[ iIih^ipth hwrmaai; wittr., from Welsh Harp, Middlesei. D, male 
f>f^_ant.liPriHiii m if t.TiP.r p pUnt of same (x460). do. oogoDiom; a, ao- 
are several antngjadiil o«4Ib. 

When the oosphere is ready for ferHlJa'*'"" " byiliP" receptive 
spot ap pears in it at a po int opposite that part of the wall of the 
oogonium w hich wi ll open. The oogonium opens in many ways 
but the method of opening is constant for any one species. Some- 
times a circular crack is formed, which may be median, superior, 
or inferior ; sometimls a pore arises either in a superior or inferior 




Fig. 13. Dicecioua macrandronB speoies of 
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Fig. 14. DicecionB nuuiuidroiiB species o[ (Edogonium. A, a form of <E. vnduta- 
tum (Br^b.) A. Br., [rom PUmoor, K. York^re. B, <E, eyathigerum Wittr., 
^m Bawdiffe Common, W. Yorkshiie. C, <E. ciliatuni (Hass.) Pringsh., 
from near SeoeDH, Conirall ( x 460). oo, oogoninni ; n, numuidn im or 
dwiirf-male; a, antftaridiimi. 
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position ; and at other times there ia a distinct apical lid to the 
oogonium. An antherozoid finds its way through the opening into 
the oogonium, frequently having to accommodate itself to a paaaage 
much narrower than itself, and unites with the oosphere at the 
region of the receptive spot. After_t he fusion of the nuclei of the , 
antherozoid andt he oosphere the latter becomes, the., fertilized / 
ovum^r (jo spoie, and it immediately:,mixmaDds itaelf with a cell^ 
wall.^The oospore then .rests for a longer or shprter period, its 
cGIoropbyll disappears, its cell-wall increases in thickness, and its 
protoplasm becomes tinted with a red or brown pigment and filled 
with oil. On the decay of the walla of the oogonium the oospore 
is titrated and'^Lgarmiiiati^ ite outer wall bursts and the 
conten ts, surrounde d h y a delicate me mbrane, are set fre_e._ With 
few exceptions a new ri ant is not immediately formed from th e 
ooa pore. but the fi^e celPco ntepfcs usually di vide int o four cells, 
each of whi ch forms a ro'i p'^'^ "iliat-^ j;ofmyiniv> The aoo spor eg 
rep resent a ru di mentary sporophyte gpnuratinn , and after swa rmin g 
for a while they come to r^t jud form new filaments. Sometimes 
the filamenta formed from the zoospores are asexual and they give 
rise to several other aaezual generations before forming a sexual 
plant. If the zoospores become fixed at once to some substratum, 
they form a hemispherical or spheroidal cell from a circular opening 
in which the new filament arises'. If they do not become fixed 
before germination haptera are usually developed (fig. 10 A — I). 

The principal investigators of this family of Algce have been 
Pringsheim and Wittrock, and quite recently it has been splendidly 
monographed by Him*. 

Qenus (Edc^oninm Ldnk, 1820. The plants of this genus are 
simple filaments with cylindrical cells usually slightly swollen at 
their upper extremities. The apical cell is generally terminated 
by an acutely conical cap or more rarely by an elongated bristle. 
The strong cell-walla and the swollen upper extremities of the 
cells, some of which possess the peculiar transverse striation, are 
characters which readily distinguish even sterile species of this 
genus from all other filamentous green Algse. The adult plants 
nsnally occur floating in masses or they may remain attached to 
various water plants, and as the mucous covering on the exterior 
of the filaments is very slightly developed, they not only serve as 
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hosts for various epiphytes, but they do not feel so slimy as most 
filamentous green Algse. "" 

There are about 80 British species of this genus, eibibitiog great variation 
in size and In the relative proportioos of the cells. They are eiceedingty 
abundant, particularly in quiet waters, and with one or two eiceptions the 
speciee can only be accurately identified from fructiferous specimens. They 
are frequently found in the fructiferous condition in suitable localities, such 
aa small pouds and ditches, and more commonly in the south of England sod 
south-weet of Ireland than in other parts of the British Islands. The smalleat 
British species is (£!. tapeinoiporum, Wittr. (diam. of vegetative cells S'7 — fi /i), 
and the largest is (E. giganteum KUti. (diam. of vegetative cells 30 — 50 p.). 
(E. undtUatum (Br^b.) A. Br. (fig. 14 A) possesses very characteristic undulate 



FiK. 16. A, Bulbochate tubintermedta Elfv., from near Senens, Cornwall. B, B. 
Nordtttdiii Wittr., from near Glendoan, Donegal, Ireland. C, B. nana 
Wittr., from Ooring, Oxrordnhire {x496). a, antheridium; and, aDdrospo- 
ranginm; n, naQuandriom; oo, oogoninin. 
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vegetative cells, (E. pttnctato-ttriatum De Bary haa the entire fiUments fur- 
niehed with spirall; arranged granulee, and (E. acrotpomm Be Biuy possessea 
a renurfcable termioal oogonium. The oospores are either globoae, ^pBoidal 
or oToidal, Mid the cetl-waJl maj be smooth, ridged, spiny, punctate, ecrobicu- 
l&te or reticulate. Sometimes the oc^nia are plicated aa in (E. platj/gyimm 
Wittr., or thej may possess a transverselj disposed ring of conical projeotiomi 
as in ^. luigtohiUi De Bary (fig. 12 C). In some species the supporting cell 
of the oogonium id much swollen, aa in (B. Boritianvm (Le CI.) Wittr. and 
(E. lautumniarUTii Wittr. (fig. 13 C and D). 

Kather less than half the known species are dioecious nannan- 
drous, and most of the remainder are moocecious. 

Genus Bnlboohaete Ag., 1817. The plants of this genus are 
branched and every branch usually terminates in a long hollow 
hiistle with a swollen base. The vegetative cells widen upwards, 
most of them carrying a laterally placed bristle, and they do not 
reach the same relative length as those of (Edogonium. The 
oogonia are generally terminal on short lateral branches ; and, with 
few exceptions, the supporting cell of the oogonium is divided by 
a transverse septum, the position of which is fairly constant for 
any one species. In the dioecious nannandrous species the andro- 
sporangia are commonly situated on the apices of the oogonia. 
The plants occur as branched tufts, more often fixed than in the 
preceding genus, and they possess a quantity of enveloping mucus, 
affording a home for numerous Diatoms and often Desmids. 

There are about U Britiah opecies, of which 3. nana Wittr. (diam. of 
vegetative cells 10 — 16 ;i; fig. 15 C) is the smallest and B. gigantea Pringsh. 
(diam. of v^etative cells 24—32 /() the largest No doubt many more species 
will be found if searched for, but in the greater part of the British Islands 
rnictiferous specimens are relatively scarce. There is great variability iu the 
form and size of the vegetative cells in the different species, and also in the 
comparative size and length of the bristles. The genus is not so abundant as 
(Fdogtmium, and all the species prefer very still waters. 

Most of the species of this genus are dicficious nannandrous. 
Few species are monoecious, and dioecious macrandrous species are 
as yet unknown. 
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Order II. CH^TOPHOEALES. 

In this order of green Algse the thallus is filamentous, sometimes 
simple, but more frequently branched. The brandies are generally 
attenuated and often piliferous. The cells poaseaa one nucleus, 
and in all the femilies of the order, except the Trentepohliaceffi, 
there is a single parietal chloroplaat with one or more pyrenoids. 

Asexual reproduction takes place often by reating-spores, which 
may be either aplanospores or akinetes, and commonly by zoogonidia 
with two or four cilia. Sexual reproduction is brought about by 
isogamous planogametea with two cilia, or by well-differentiated 
heterogamous gametes. 

This order has also received the name of the " Ulotrichales," 
but I prefer to accept Wille'a name of the " Chsetophoralee " as 
five out of the seven families incfude branched AlgK, 

Family 1. CoUochatacece. Flat eipanBiooa or pulvinate branched 
massee, epiphytic on the steme and leaves oF submerged plants. Sexual 
reproduction heterogamous ; plants moncecious or dicecioua ; oogoflia 
with a tricbogyne and one non-motile ooaphere; fertilization within 
the oogonium and resulting in the formation of a cortical layer on the 
outer surface of the oogonium. Some of the cells of the thallus are 
furnished with fine bristlea with basal sheaths. 

Family 2. fferpotteiracea. Filaments branched, creeping, epi- 
phytic on Hubmerged plauts. Sexual reproduction heterogamous; 
plants monoecious ; oospheres motile, fertilization taking place outside 
the oogonium. Ceils with one or several long bristles, sometimes 
swollen at the b4»e. 

Family 3. Ulotrickaoea. Filaments simple. Chloroplast single, 
parietal, with one or many pyrenoids. Sexual reproduction isogamous. 

Family 4. CyHndrocaptaceiz. Filaments simple; cells with thick 
lamellose coats, usually arranged in a. single series within a lamellose 
gelatinous sheath. Sexual reproduction heterogamous ; plants monoe- 
cious; oc^onia with one nun-motile oosphere; fertilization within the 
oogonium. 

Family 5. Chf^tophoracece. Filamentfl branched ; branches attenu- 
ated into multicellular hair-like prolongations. Chloroplaat single, 
parietal, with one or many pyrenoids. All the cells except those of the 
rbizoids and hairs are capable of producing zoogonidia or gametes. 
Sexual reproduction isogamous. 

Family 6. Mwrothamniaceet. Filaments branched ; branches 
scarcely attenuated, not piliferous. Cbloroplaist single, parietal, with 
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or without ft single pyreDoid. Zoogonidift and gamet«e produced in 
special gonidsngia. Sexual reproduction isogatuoua. 

Family 7. TretUepoldiacece. Thallua branched, terreatrial or ar- 
boreal. Chloroplasta several, parietal, without pyrenoida. Zoogonidia 
and gametes produced id special gonidangia. Sexual reproduction 
iaogamouM. 

Family 1. COLEOCH^TACE^. 
The plants included in this email family have reached a higher 
stage of development than any other of the green Algae, and have 
undoubtedly arisen from the Ch^tophoraceie by further apeciali- 
zation. They form amall discs or cushiou-like masses, which are 
enveloped in mucilage and are attached to the stems and leaves of 
larger water-plants. In the commoner forms the thallus is more 
or less circular in outline and disc-like in form, consisting of a 



Pig. 16. CoUoehau leutala Brtb. ( k 100), from Welsh Harp, UiddleBei. 
single layer of cells in one plane, which either form a compact 
parenchymatous layer, or are arranged in the form of branched 
filaments radiating from a central point. In other species the 
ramification is not confined to one plane, but numerous ascending 
branches are given off, the whole thallua sometimes having the 
appearance of a hemispherical cushion. The peripheral cells of 
the disc or the terminal cells of the branches are meristematic and 
the thallus grows by the formation of new radial and tangential 
ccU-watls. The branching is in some species dichotomous, but in 
others it closely resembles that of Ckcetophora or Myxonema. 

5—2 
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Some of the cells are furnished with a colourless bristle which is 
fixed at its base into a narrow sheath of considerable length. 

Asexual reproduction takes place by means of large ovoidal 
zoogonidia (fig, 17 D), furnished with two long cilia and produced 
singly from the cells of the thallus, more particularly trom the 
terminal cells of the branches. The zoogonidium escapes fi^m 
the zoogonidangium either by a round orifice on the upper surface 
or by the dissolution of the extremity of the terminal cell. 

Sesual reproduction is brought about by the fertilization of an 
oosphere by an antherozoid. The sexual organs are oogonia and 



Fig. 17. CoUoehaU pulvinata A. Br. AandB, ft'omnearGlentieB, Doneml, Ireland; 
A, portion of thallua with Beznol orguiB ( x 460) ; o, oogonium ; [, trtohoigrne ; 
a, antheridia. 6, ripe ' epermooarp ' emitting the cella formed b; the diviaion 
of tbe oospore ; each of these beoomes s zoospore ( x 160). C, zoospore (after 
Cbodat). D, zoogonidium (after I'tiagabeim). 

antheridia. The oogonium is developed by a swelling of the 
terminal cell of a branch and it possesses on its upper surface a 
narrow trichogyne. An oosphere containing chlorophyll ia pro- 
duced within the oogonium, and juat previous to fertilization the 
trichogyne opens at the apex and exudes a colourless drop of 
mucilage. The antheridia are flask -shaped cella which are developed 
from cells in the neighbourhood of the oogonium, or in dioecious 
species from cells of another thallua Only one antherozoid is 
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produced in an antheridium and it can only be distinguished from 
a zoogonidium by its smaller size. After fertilization the oospore 
sarrounds itself with a cellulose wait and grows considerably in 
size. At the same time the oogonium becomes closely covered 
with a layer of cortical cells, produced by the proliferation of the 
supporting-cell and by the close application of the terminal cells of 
other branches. The fertilization and the formation of this cortical 
layer are said by Fringsheim to take place from May to July. The 
whole structure produced after fertilization, and which presents 
the appearance of a sphere supported on one or many filaments, 
has been termed a "apermocarp." The cortical cells often become 
dark brown or red in colour and lose their chlorophyllaceous con- 
tents. Usually this structure remains dormant through the winter, 
the maturation of the oospore taking place slowly.' On germination 
the oospore divides into a number of cells and the cortical layer 
splits irregularly into two halves. The escaping spores (fig. 17 B), 
which become more or less irregular in outline, do not give rise 
directly to a new thallus, but each one becomes a zoospore with 
two cilia. The zoospore (fig. 17 C) gives rise to several rudi- 
mentary asexual generations which are propagated by zoospores, 
and finally to a sexual individual. 

Genus Coleochsste Br^b., 1844. The thallus is filamentous, 
branched, erect or creeping, usually forming a fiat pseudo- 
parenchymatous plate with peripheral growth. The bristles, which 
are sparsely scattered over the upper surface of the thallus, are 
not always clearly visible, and they are characterized by the well- 
marked sheathing base. The plants are all epiphytes with a 
marked dorsiventral development, but there are no special organs 
of attachment. Each vegetative celt possesses a large nucleus and a 
single parietal chloroplast of irregular form, which contains one or 
two lar^ pyranoids. The plants occur attached to the submerged 
portions of various aquatic and marsh plants from which they are 
not easily removed. 

C. tcutata Br^K and C. wlula Pringsh. are the moBt abundant speciM in 
Britam! Tn« former poBsesses a compact, flat, parenchjmatoujB thallus 
(fig. 16) and the latter a flat thallus composed of dichotomoualy branched 
Slamenb) radiating in one plane from one or more central cells. The diameter 
of the thallne in each case scarcely exceeds 700 — 800 /t and the cells average 
about 10 — 23 ft in diameter. C. orhicidari» PriogBh. poHseseea a flat, expanded, 
orcular thallus which reaohc« a diameter of 4 mm., in which the filamente 
ate Tei7 clomlj packed and the cells are rather smalL C. palvittata A. Br. 
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forms hemispherical cushions commonlj 2 — 1 mm. in diameter, but [Ksca«ion~ 
all; greatlj exceeding these dimensions. The filaments are erect and radiating 
and the cells are 1 — 3 times longer than their diameter, which is from 20 — 60 ft 
(fig. 17), This species is more frequently observed with seiual organs than 
any of the others. C. irrtgularit PringMh. poBseaaes a more or less parenchy- 
matous thallus in which the branching is very irregular. All the Kpccies are 
readily eatea by pond-snails of the genera Limnaa and Planorbu. 

Family 2. HEBFOSTEIRACE.A!. 

ThU is a emaU family including only the genus Herposieiron. 
The plants are epiphytic on larger Algse and on other water-plants, 
and occur as short irregular filaments which are little branched. 
Most of the cells of the filament possess one or more bristle-like 
setiB or hairs, cut off fix)m the cell which bears them by a basal 







septum. Chodat has found that in cultures the setse are sometimes 
replaced by branches, showing the relationship between this genus 
and the ChjetophoraceK. 

Asexual reproduction takes place by zoogonidia, one to four 
being produced fi-om the mother-cell, the wall of which ruptures 
and sets them free. They vary much in size, possess four cilia, 
and usually a red pigment-spot. On coming to rest they generally 
develop unilaterally into a new plant. Sometimes aplauospores 
are formed (fig. 19 Ca). 

The sexual reproduction of Herposteiron ia of special interest. 
The oogonia are differentiated from certain of the central cells of 
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the thallua which are devoid of bristles. These cells grow in size, 
assume a globular form, and become filled with starchy and oily 
material. One oosphere is produced, which is motile, having four 
cilia, and is expelled from the oogonium by the rupture of the 
upper portion of the wall. The antheridia are small cells usually 
developed at the ends of the filaments and branches; they are 
frequently colourless and are considerably smaller Jihan the ordinary 
vegetative cells. One or two antherozoids are produced in an 
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Fig. 19- A, HrrpotteiTon piloiiaaima (Sohmidle) noh., from Wimpole Park, Cun- 
bridgeshire. B— D, ff, eon/wuicoti Nag. ; B and C, from Bradford, W.YoTka.; 
D, ^m Biohmond Park, Surrey ( x 460). a, aplaDoapore. 

antheridium. These are pear-shaped bodies with four cilia and 
two pulsating vacuoles, and are much smaller than the zoogonidia. 
They escape into a hyaline vesicle which soon becomes diffluent 
and sets them free. The antherozoids move about very rapidly, 
but the movements of the oosphere are very feeble. The Herpo- 
Bteiracese is the only family of the Chsetophorales in which the 
fertilization of the oosphere takes place outside the oogonium. 
Ziittle is known concerning the development of the oospore. 

QenuB HerpoBtelron Nag., 184d. {Aphanochixte A. Br., 1861 ; 
Berth., 1878; Huber, 1892.] The thallus is filamentous, creeping 
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and branched, the termioal cells of the brauches being rather 
smaller than the more central cells of the thallufi. One or more 
erect brietlea are attached to the dorsal eur&ce of some or all of 
the cells. These bristles are single, attenuated, and very elongated 
cells, which have lost their protoplasmic contents and which never 
possess chloroplasts. They are somewhat iragile and are easily 
broken off near the base. The sexual organs, which are of very 
rare occurrence, have been described by Huber'. 

The plants occor as epiphytes on species of (Edogonium, 
Oladopkora, Rhizoclonium, and Mougeotia, and also on the leaves 
of Lernna, Elodea, etc. Sometimes well-developed specimens are 
much branched, the procumbent branches of the Alga often 
following the contours of the cells of the plant to which it is~ 
attached, and in consequence exhibiting a marked reticular 
structure* (fig.. 19 B). The cells contain a single parietal chloro- 
plast with one (or more ?) pyrenoida 

There has been much confusion with regard to the two names 
AphanochcBte and Herposteiron. The arrangement proposed by 
Hansgirg, and subsequently adopted by De Toni, Wille and others 
(myself included), of two distinct genera is quite untenable. There 
can be no doubt in the mind of anyone who has studied these 
plants carefully that Herposteiron con/ervicola Nag. and Aphano- 
chwte repens A. Br. are descriptions of the same plant, and this is 
amply confirmed by the authentic drawings by Nageli published 
by Huber. Both Huber and Klebahn admit the identity of 
Herposteiron and Aphanochcete, but reject NSgeli's name on the 
ground of the incompleteness of the description. There is, however, 
far more reason for neglecting Braun's name on the ground of 
inaccuracy. 

S. con/ervicola HSg, (~ Aphanochale repetu A- Br.) ia a species with 
oblnDg-ellipeoidal cells, each bearing a single bristle which is little BwoUen at 
the base and which is attached towards one end of the celL It is not an un- 
common species and is somewhat variable, two bristles being frequently 
attached to some of the cells of the thallus. (Figs. 16 and 19 B— D.) Another 
species, H. pUotittinta (Schtnidle) nob. {^ Apha^M^hcete piiotiuima Schmidle), 
is more nbundunt in some parts of the British Islands and is most probably 
identical with H. polj/cAttte Huisg. The cells are more ellipaoidal and poseess 
from one to four bristles, each bristle having a swollen base (fig. 18 A). 
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Family 3. ULOTRXCHACE^. 

This &nu]y includes a few genera which are readily distin- 
^ished &om other plants of the Chtetophorales by their uii- 
branched habit and by the structure of their cells. The thallus 
is a simple filament, consisting of cylindrical or doliform cells, as 
in UlothriiE, or of rounded cells arranged in a single series and 
enveloped in a thick mucous coat, as in Hormospora and Radio- 
fitum. The cell-wall ia always hyaline and colourless, but varies 
much in thickness. It is sometimes delicate, sometimes thick and 
lamellose, and sometimes the outer layere are difBuent. There is 
a single, parietal, plate-like chloroplast in each cell, with an entire 
or variously lobed maigin, and containing one or many pyrenoids. 
A single nucleus is present in the cytoplasm. 

Asexual reproduction takes place in several ways. Sometimes 
aplanospores are produced (fig. 20 Da; fig. 21 F a), or numbers 
of akinetes' are formed by the enlargement of certain cells and the 
gelatinization of the outer portions of their original cell-walls 
(fig. 21 E and I); these may be resting-apores (hypnospores) or 
they may germinate directly. Sometimes the thallus is multiplied 
by a general dismemberment of the filament into single cells or 
groups of cells, each cell or group developing into a new filament. 
Zopgonidia of two kinds are produced, often from different cells of 
the same filament; small microzoogonidia with two cilia and 
larger macrozoogonidia with four cilia. The microzoogonidia are 
produced from certain of the vegetative cells which have become 
mlcrozoogonidangia and in the larger species of Ulothrix, such as 
U. zonata, 16 or 32 are produced from each gonidangium, but in 
U. avbtilia only 2 or 4 are produced. Similarly 2, 4. or 8 macro- 
xoogomAia, are usually produced from a raacrozoogonidangium, but 
in U. BubtUia only one arises. It is occasionally observed that the 
eotire contents of the cell are not used up in the formation of the 
macrozoogonidia {vide fig. 21 G). The zoogonidia germinate di- 
rectly on coming to rest, sometimes even within the mother-cell, 
and the plants which arise by the germination of the macro- 
zoogonidia are larger than those which arise fix>m the micro- 
zoogonidia. This accounts for the variability in size of the 
filaments which ia so often observed in a collection of any one 

I This wu first thown b; Wille in Bot. Centmlbl. xi, 1889, p. IIB. 
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apecies of Ulothrix, Occasionally the zoogonidia do not escape, 
but lose their cilia, become invested with a cell-wall, and form 
what is termed a " palmelloid condition " (fig. 20 F). The produc- 
tion of zoogonidia usually commences near the apex of a filament 
and progresses towards the base. 

Sexual reproduction is by the conjugation of isogamous gametes, 
which are indistinguishable from the microzoogonidia. The gametes 
are biciliated and usually escape from the gametangia in the 
morning, conjugating in pairs with considerable rapidity. The 




Fig. 20. A and B, Ulothrix lonata (Web. et Mohr.) Eiitz., from near Me&ax Abbey, 
E. Torkflhire (x500). C— F, 17. tuUiUt Kiiti., from near Mullioa, CornwaU 
(xSOO); F sbowg the "palmelloid conditioD"; a, aplanoHpore ; la, macro- 
zooganidiom ; zi, microzoogonidmm. y 

resulting zygospore invests itself with a firm cell-wall and germi- 
nates after a more or less extended period of repose. On germina- 
tion the contents break up into many zoospores each of which 
forms a new filament. The gametes frequently germinate directly 
without conjugation. 

The movements of the microzoogonidia and gametes are fre- 
quently very strange, one cilium being kept more or less rigid and 
its extreme apex used as a pivot, while the other cilium exhibits 
violent movements causing a rapid lateral oscillation of the 
body. 
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Th« Britieh genent ure best arranged as foUowe : — 

* Filaments thread-like, cells cyliodrical with tnmcat« 

t Filameots long aod flesuose, att«Duated towards 

base Ulothrix. ' — 

++ Filaments short, attenuated at both batie and apex Uronema. 

ttt Filaments of variable length; transverBe walls 

very thick; cells in pairs Bijiuclearia. 

** Filameota ft^gile, oflcQ inoniliform, cells with rounded 

t Cells more ur lees cylindrical ; plants with a re- 
semblance to a fragmented Ulothrix; with no 

prominent mucous coat SticJuKoccut, 

tt Cells cylindrical with hemispherical ends, or sub- 
globose, often remote ; with a prominent mucous, 
envelope. 
§ Cells cylindrical. 
I Cells equidistant, often in close contact. 

© Cells large, short Hormotpora. 

®0 Cells minute, more elongate Qlaoiila. 

IX Cells in pain Geminella^ 

5§ Cells rounded Badiofilvm.^ 

The three genera Iformotpora, OlaotUa and OemineHa are scarcely to be 
distinguislied from each other. Perhaps it would be better to unite them 
under the name OtmintUa, 

Genus Ulothrix Kutz., 1833. [iformtseia in the sense used 
by RabenhoTst (1868), Hansgirg, and De Tom.] In this genus 
the filaments are simple, not attenuated at the apex, but fre- 
quently fixed at the base by a unicellular, simple or ramified 
' rhizoid.' The cells are commonly cylindrical or sometimes swollen, 
^id in the larger species the coll-watl is thick and evidently lamel- 
loee. The chloroplast is parietal with one or many pyrenoids, and 
varies much in its relative size. 

The genus Utothix was established by KUtzing' for the species 
U. zonata two years before Fries' description of Hormiscia'. 
Areschoug's* enlargement of the genus Hormiscia was based upon 
erroneous conceptions, as he included in it species having no 
aSinity with each other. The original Hormiscia of Fries only 
included two Algte previously known as "Con/e^-va penicdlli/ormis 
Roth " and "Conferva Wormskioldii Flor. Dan." These Algse are 
commonly placed under the genus Uroapora of Areacboug, but the 

I Eatiinfi in Flora, 1833, ivi, p. S17. 
* FfiM in Flora Soind. 18S5, p. 327. 

g in Acts Beg. Soe. Sei. Upsala, ler. in, vol. vi, no. 3, p. 12. 
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latter genua should undoubtedly be placed ai 
misda Fries. 

The be«t koown species of the geuuB is (/. ionat 
(fig. 20 A »nd B), which is widely distributed all o 
occumDg aa bright green masses in streams, rivers, etc., more especially in 
the early spring. The cells vary from IS — 70 fi in diameter and the cell-walla 
are very thick and Inmellose. An abundant British species is U. lubtilU Kiitz. 



. a synonym of Hor~ 



a (Web. et Mobr.) Kuts., 
r the British Islands, 




Fig. 21. A— F, Ulothrix aqualit Kiitz.; A— D, from Putuey Heath, Surrey; E and 
F. from Mitoham Common, Surrey; A, filament showing eooape of mioro- 
zoogonidis; B — D, germinating macrozoogonidia, shows Che same plants u 
B 48 ho nra afterwards, D is much further advanced; E, portion of filament of 
akinetee ; F shows two aplanoaporea which have taken exactly 14 days to 
develop from ordinary vegetative c«Ub. G, U. aqua\it Kiitz. var. catanifurmU 
(Kutz.) Rahenh., from near Bradford, W. Yorkshire, ahowing escape of macro- 
zoogonidia. H, U. monilifoTniii Kdtz., from Wimbledon Common, Surrey; 
I, the same with akinetes. (AllxSOO.) a,aplanospore; aft.akinete; la.macro- 
Eoogonidium ; li, microzoogonidium. 

(fig. 20 C — F), the colls of which are as long as broad and from 4 — 8 /t in 
diameter. A variety of this species — var. varinbilit (KUtz.) Kirchn. — ia 
probably the most abundant member of the genus, being generally distributed 
in the stagnant waters of ponds, ditchee, troughs, rain-tuba, etc. It is a littJe 
thicker than U. mbtUii and the cells are 1^—2^ times longer than tbeir 
diameter. D. aqMdU Kutz, (fig. 21 A— F) and U. mo»ai/brmts KUtz. (fig. 21 
H — I) are other well-known species. 

Another Alga— ScAiromerw iei'Wei'nii Kbtz.— which I have only once aeen, 
from Stone Ghyll, Dodd Fell, N. Yorkshire, should perhaps be included here. 
I am doubtful as to the ewict determination of the Yorltshire specimens, but 
they reminded one very much of a Urge UloChrLr: ionata, attenuated both at 
the apex and the base, the latter being fixed to rocks and atones in the spray 
of a naterfalL Longitudinal division of the cells hod occurred at intervals, so 
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that the fl&mentfl often consulted of a double row of oellB. Wolle aeeniB 
to have obeerred the same plant from several parte of the United States 
(cf. Freshw. AJg. of U. S. t ciiv). 

OenuB Hormospora 6r4b., 1840. The filaments are simple 
and free-floating, rarely fixed by a mucous disc, and they consist of 
a single series of cells embedded 
in a thick, cylindrical, mucous in- 
vestment. This outer gelatinous 
coat varies in its relative size, 
and is alwajm hyaline and homo- 
geneous. The cells are commonly 
oblong-cylindrical with broadly- 
rounded extremities, and they 
contain a single parietal chloro- 
plast usually disposed as an 
equatorial band. One pyrenoid 
is generally present in each chlo- 
roplast, although rarely pyrenoids 
are quite absent. The genus is 
very closely allied to Ulothrix, 
but is distinguished by its thick 

trelatinous coat and bv the con- ~ „„ . ,t 

° ■ 1. 1 ^' 22. A. Horviotpora mutabiU* 

Stant separation of the cells after Brib., from near Mullion, ComwaU. 

Hivisinn nipnWnwski anH ntdprs ^' ^- "^'nala West & G. 8. West, 
mvision. i^ieuKowsKi ana oiners ^^^ ^^^ p^jj ^ YorkahiK. C— E, 

have regarded the genus as a mere GiaotHa prttogenita Eutz., from Pil- 

state or condition of Ulothnx, but "'""■ "" ^»*'*'^- ( >" *«*■' 

I think that is open to much doubt. The cell-wall is extremely thin 

and delicate, and the formation of zoogonidia has Hot been observed. 

The most frequent British species is B. mtUabili* Brdh. (fig. 22 A), which 

occurs principally in bogs, especially amongst Sphagnum, and in such 

localities species of Utolkrix do not usually e»iat. The cells are I6-]»/t 

in diameter and Ij— Ij times longer than broad, ff. ordinata West &. 

G. S. West (fig. 22 B) is a smaller and much rarer speciea with cells 5-8 fi in 

diameter. B. plena Brih. is the only other Britwh species. 

Genus Glceotila Kutz.. 1843. This is a genus of small Algse 

intermediate in character between Hormospora and Ulothrix. 

The cells are very small, oblong or elliptical and more or less 

moniliform, but they are not so completely separated as those of 

Hormospora; they are arranged in a single scries in a delicate 

mucous envelope, and each one contains a parietal chloroplast 

of small size which is disposed as in Hormospara. I have not 
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observed any pyrenoids in the chloroplasts of this genuB. Borzi* 
has recently described the formation of zoogonidia. 

The cella of O. protogetUta KUtJi. (fig, 23 C — E), whioli ia the typical species 
of the genuB, only reach a diameter of 3— 4'5 /i. The planta are very rare aud 
occur in bogs or boggy pools. 

GenusGeminellaTurp., 1828*; Lagerh., 1883*. {"i Planctonema 
Scbmidle, 1903.] This genus is scarcely to be distinguished from 
Hormospora Br6b. except for the arrangement of the cells in pairs. 
The cells are fairly remote, are enveloped in a. thick mucouB coat, 
and afber division the daughter-cells separate only very slightly. 
The chloroplast is exactly as in Bormoapora. The cells of some 
of the filaments occasionally develop thick brown cell-walls and 
become resting akinetes. 

0. interrapta Turpic (fig. 23 A — C) is the ooly known species and it is 
rarely found in the Britiah lules. The cells are 6'd — T ;i in diameter. It 
would perhaps be more correct to unite the genera Oeminella and Hormoipora, 
the former having priority. 

It is impossible to find any 
generic characters su£Bcient to 
separate Plavctonema Schmidle 
ftMm Oeminella or QlasotUa. 

Genus Badiofllnm Schmidle, 
1894. The filaments are simple, 
sometimes short and fragile, some- 
^ c X- timeslongandflexuose, and they 

O Ai' are enclosed in a considerable 

fi jR mucous sheath, which exhibits 

a more or less distinct radiating 
fibrillar structure. The cells are 
globose, ellipsoid, or sublenti- 
cular, free and distant or joined 
by a narrow hyaline bridge,always 
forming moniliform filaments 
after the manner of those of the 
Nostocaceae. In each cell there 
is one chloroplast containing a 
single pyrenoid. In one species 
the cell -wall is composed of two 



I 



Fig. 33. A— C, Gemineila initrmpta 
Turp. ; A and B, from near the Lizard, 
Goriiirall ( K 440| ; (1, two resting aki- 
netes from Glen Tummel, PerthBhii 
Scotland ( n 350). D. Radio fumjlav, 
cent G. 8. West, from Wicken Fen, 
Cambridgeshire ( x 440). 

' Borzi, ' Stndi Algologici II.' 

< Tnrpin in iiini. du Maa. d'hiat. nat. 1B2B, torn 

> Lae^i'b- ID Otnre. af K. Yet.-Akad. FSrb. 1863, 



t. 13. f. 24. 
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equal halves, but in others it is not. The cells multiply by division 
which is preceded by a division of the chloroplasta and pyrenoids. 

The type species of the genus, R. coajuactivum Scbmidle', boa Dot been 
observed from Britain. R. jlavetcem Q. S. West (fig. 23 D) is a larger 
Bpeciee, with much longer flexuose Skmeuts and broad elliptical cells ; the 
diameter of the cells is T'S — 10'5 n and the cbromatophores are of a yellowish- 
green colour. 

Qenus Btiehococexu Nag., 1849. [Hormococcus Ohodat, 1902.] 
The filamenta are entirely or very largely aerial, and are composed 
of cylindrical cells. They readily become disarticulated into frag- 
ments composed of a few cells, the extremities of the terminal 
cells being broadly rounded. There is one parietal chloroplast in 
each cell, plate-like or more or less irregular in form, and occupying 
an a rule only a portion of the cell-wall. A small pyrenoid is 
present in each. In some of the aquatic forms of Stichococcus 
Jlaccidut I have observed a tragmenta- 
tion of the chloroplast (c£ fig. 24 B). 

The plants are prop^ated by 
division of the cells and fragmen- 
tation of the filaments, by akinetes, 
and by zoogonidia. The latter ure bi- 
ciliated, have no pigment spot, and 
arise singly from cells which are under- 
going rapid division. 

This genusmuch resembles CTotAriir, 
but its adaptation to an aerial existence 
baa caused a multiplication by di> 
articulation of the filaments and 
reduction almost to a unicellular cor 
dition. This disarticulation often takes 
place first on one side and then on the 
other, giving a zig-zag appearance to 
the disarticulated filaments. Klebs has Pifi-. 21. A, stichococciu 

shown that it is facilitated either by w. 'Yo"k<ih[re.'' B°'s. jtuccidut 
too much or too little nourishment. (Kiitz.) Oay, from Barnes Com- 
The genus was well studied by Qay'. Gaj, from damp w«lla, London. 

There appears to be no justification £■ *. vaHabiUt Wert & G. s. 
■ 1 P f^i. J „ „ FT West, from Bradlord, W, York- 

whatever lor bDodats name Uormo- shire (x 410). 

coccut." 

> Schmidle id Flora, 18M, Heft 1, p. 47, t. vii, f. i, S. 

* Oa;, 'Beeherohaa anr le d^vel. et les clasaif. de qaelqaes Alooe* Tertes,' 
P»ru, 1891, t •) "^ 
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S. baciUarU H&g. (fig. 24 A) ia an abundant apecieB on damp earth, w&lls, 
palingH, etc. ; diam. of cells 2-7 —3-8 fi. S.fia<^(ndu* (Ktitz.) Oaj (&g. 24 B) is 
a lai^er species frequent on wet stones and in rain-pools; diaip. of cells 
7— lO'd/i. S.dittectui Oaj (fig. 24 C) is a closely allied species to S.Jlaccidut, 
or perhaps only a form of it. 5, variabUU Weut & G. S. West (fig, 24 D) 
forms a thin green stratum on wet stones in the neighbourhood of waterfalls ; 
the cells are very irregular in outward form and the chloroplaet ia otlan devoid 
of a pyrenoid or may even possess two ; diameter of cells 3 — 6 /i. 

Genus Uronema Lagerh., 1887'. The filaments are simple, 

relatively short, and destitute of a mucous coat ; they consist of 

cylindrical cells, the apical cell being acuminate aod the basal cell 

attenuate. The plants are fixed by a disc secreted by the basal 

ceil. The chloroplast occupies a con- 

vJ siderable area of the cell-wall and is 

^1 parietal, containing two pyrenoids. The 

^^ cell-wall is firm and thin. 

f ' The zoogonidia are produced singly 

9 ^^ in pairs fix)m each cell; they possess 

^^ f«ur cilia and a subapical pigment-spot. 

^ Sometimes the zoogonidia are arrested 

M in their escape, the cilia are not de- 

((- veloped, and an aplanospore is produced 

Wl by the acquirement of a strong cell- 

1---4 Theonlyspeciesis U.oonfervicolumlMgeith. 

ifil ^th filaments 4—6 n in diameter and celU 

2 — 3 times longer than broad. It is an ex- 
ceedinglyrare plant, distinguiebed from species 
of Ulothrix by its sbort filaments, by the 
attenuation of tbe apical and basal cells, by 
the chloroplast, and by the firm call-walls. I 
have only met with it in abundance from tbe 
Orkney and Shetland la. 

The genus Rhaphidonema Lagerh. 
(of which R, nivale is known from W. Yorks.) is a fungus. 

Genus Blnuclearia Wittr., 1886*. The filaments are simple 
and attached when young by a hapterou from the basal cell. The 
cells are cylindrical with firm, distinctly lamellose cell-walls, the 
transverse walls being unequal, a thin one and a very thick one 
alternating. The cells thus appear to be arranged in pairs. The 
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Fig. 2S. A — E. Binuclearia 
talrana Wittr., from Lenis, 
Outer Hebrides ( x 440). 



' Laf!erh. in MalpiRhia 18A7, p. 618, t. 

» Witlr. in Wittr. and Nordat. Alg. Em 

ForBChnngsberiohte bub der bid. Station zi 



i. f. 1—10. 
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chloToplaat is single, parietal, and disposed as part of an equatorial 
band. Wittrock described the presence of two granule-like bodies 
of a nutritive character, which he termed " nuclei," situated one 
towards each end of the cell and outside the chloroplast. I have 
examined quantities of this plant and find those bodies commonly 
absent. 

B. tatrana Wittr. (Bg. 25 A— E) which has oellBft— 9 >4 in diameter, occum in 
mooDtaiD l&kes and bogs. It resenihlaB oertoin stAges of speoiea of Tribonema 
(Confsna), and forms hypnoeporea (cfr fig. 26 E), but is more rightly placed 
in the Ulotriohacen od account of its parietal chloroplast. Sometimes the 
filaments become distinctly mucoua. 



Family 4. CYLINDBOCAFSACEJSl. 

This &mil; includes only a few plants belonging to the genus 
Cylindrocapaa Reinsch. The thallus is filamentous and un- 
branched, and resembles very much that of o»*'*'-— *nLthe Ulotri- 
chacete. The cells are disposed irf"^^^ torurosej^j^ pjjg being 
surrounded by a lamellose, gelatinons cell-wall, and the entire 
filament is enclosed in a thick lamellose sheath. The cells 
resemble very much those of the genus Hormospora in their 
disposition and they may divide in the same manner aa those of 
Radiqfilum; they are often ovoid. or subtriangular in shape and 
disposed in pairs at intervals along the filament. Each ceil 
possesses a parietal chloroplast with a single pyrenoid, but it is 
often difficult to observe the nature of this chromatophore. 

Asexual reproduction occurs by zoogonidia formed singly, or 
in twos or fours, from any of the cells of the filament. £^b 
zoogonidium is rounded or oval in form, possesses two cilia, a red 
pigment-Bpot and two contractile vacuoles. 

Sexual reproduction takes place by means of well differentiated 
male and female gametes. The male organs or antheridia are the 
result of the active division of certain vegetative cells, and are 
disposed in one, two, or four longitudinal series within the lamel- 
lose sheath. Two antherozoids are produced in each anthehdial 
cell, similar in form to the zoogonidia, brownish red in colour, and 
with two short cilia. The oogonia are developed by an increase in 
size of the ordinary vegetative cells, each oogonium being large, 
ovoidal in shape, and with a thick lamellose wall. A single 
oosphere is present in each oogonium, which opens by a lateral 
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pore to admit the antherozoids. On fertilization the oospore 
develops a brick-red colour and a thick cell-wall, but it does not 



11 

i 




Fig. 26. A — D, CylindToeapta involuta Beiasoh ( x 180). 
antherozoid ; oo, oogonium. (Attei Cienkowaki.) £ 
West, from BowDesa, WeBtmoreUnd ( x 520). 

fill the oogonium. The method of sexual reproduction was worked 
out by Cienkowaki'. 

Genus Cylindrocapsa Reinsch, 1867. The thallus consists of 
unbranched filaments of cells, each cell having a thick lameUose 
cell-wall. The filaments are encased in a thick lamellosc sheath, 
and they greatly resemble certain of the more gelatinous stages 

111, 1876, pp. 549— ■ 
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met with in the Ulotrichacese ; in fiict, many authors place this 
genus in the Ulotrichacese. 

Species of this genuB are raretj met with in the British Isles. C. invduta 
fieiuBch (which includes C. nuda Reinsch), the cella of which &re 22—30 ii in 
diameter, is known from Ireland (fig. 26 A— C) ; C. amferta West (fig. 26 E 
and FJ is known from the English Lake District, and C. geminella Wolle var. 
minor Han^. has been observed iVom Yorkshire and Cambridgeahiro. 



Family 5. CELSTOFHOBACEJB. 

This family of the Chffitophorales baa undoubtedly arisen by a 
further specialization of the Ulotricbaceje. The thallus is branched 
and the branches are attenuated, sometimes being produced into 
long multicellular haire. As a rule the thallus is differentiated 
into a recumbent or creeping portion, attached to a substratum by 
rhizoids, and an erect, branched portion. The creeping portion 
presents a more or less moniliform or torutese ' appearance, is 
branched, and the cells are very similar to those of the Pleurococ- 
caceffi. The cells of the erect portion of the thallus are elongated, 
more or less swollen, but not torulose, and the branching is most 
irregular, the terminal cells of the branches frequently forming 
long hyaline hairs. 

There is a single chloroplast in each cell, consisting of a 
parietal, more or less irregular plate, containing one or more 
Pyrenoids. In the attenuated cells towards the ends of the branches 
the chloroplast becomes reduced, and in the long, hyaline, terminal 
cells it is entirely absent. 

Zoogonidia may be produced from all the cells of the thallus 
except those forming the rhizoids or the terminal hairs of the 
branches. The number which may arise from a single cell vanes 
from 1 to 16, depending upon the age of the plant, the size of the 
cell, and other indeterminable causes. Both macrozoogonidia and 
microzoogonidia are produced, exhibiting a considerable range in 
size, and they possess either two or four cilia and a pigment spot. 
They rapidly come to rest, lose their cilia, and germinate directly. 

On the direct germination of a zoogonidium the cilia arc lost, a 

cell-wall arises, and increase in length takes place, one pole being 

greatly elongated to form a hyaline, rhizoid-like projection. Septa 

■ soon appear dividing the original long cell into several shorter 

ones, and if the adult plant be a strongly branched one, the 
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branching bood becomes apparent. The zoogonidia in both Ghcs- 
tophora and Myxonema {Stigeocloninm) frequently congregate in 
masses on becoming quiescent and almost all germinate simul- 
taneously {vide fig. 28 G). Falmelloid groups sometimes arise 
in Myxonema by the de- 
generation of some of the 
branches. Famintzin' and 
Fritsch' have observed these 
palmelloid cells germinate 
directly to form new plants, 
and Cienkowski' has seen 
them give rise to microzoo- 
gonidia, which latter form 
the young plants. 

Akinetes( which are rest- 
ing-cells or hypnocyats) are 
frequently produced in all 
the genera of this family. 
In this condition of the plant 
almost all the cells of a tuit 
of branches take part in 
spore-formation, one rest- 
ing-spore being formed in 
each cell. The original cell- 
walls become hyaline or in- 
distinct, causing the branch- 
es to exhibit a moniliform 
appearance. Each akinete 
is of a red-brown colour with 
a thick, asperulate cell-wall 
(tig. 29 D). 

The gametes are small 
biciliated bodies, practically 
indistinguishable from the_ 
micro zoogonidia except for 
the possession of only two 
cilia, and they conjugate in 



Fig. 37. k vaA B, Chalophcra in^ratiata 
(Hudn.) Hazen, from SMcborougb Mere, 
N. YorkR.; A, nat. size; B, vSOO. C, Ch. 
elegaia (Kotb) Ag., bora B&iliioti, W. YorkB. 



> FamintziD in Mikng, Biol. Bull. Aoiid. St Pfterfibourg, torn, viii, 1871, p. 965- 
! Fritach in Beihefte zam BataniBchen CeutralbUtt, 1»03, Bd xiji. Heft 1, 



:n BoUn. ZeitnDe, 1876, x 
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pairs. The resultant zygospores usuftlly undergo a short period 
.of rest before germimttion. 

Qenus Chntophora Schrank, 1789. The thallus is gelatinous, 
macroscopic, of a tough consisteDcy, and of some definite form. 
The filaments radiate out from a central point, those nearest the 
centre being little branched, but carrying at their apices dense 
clusters of corymbiform branches of a very bright green colour. 
The terminal cells of the branches are often prolonged into long 
hyaline hairs. The zoogonidia possess two or four cilia, and the 
hypnospores are brown, being generally developed from the terminal 
cells of the branches. Many of these plants, particularly certain 
species^, have the power of extracting calcium carbonate fix>m the 
water in which they live and so giving rise to incrustations of 
considerable thickness. 
! The most abundant apeciea of the genus is CA. puiformit (Roth) Ag., an 

Alga which occurs as hemispherical, or almcst spherical, dark green maaaes 
attached to submerged atonett or to the itubmerged parts of plants. It is also 
often found attached to the sbella of aquatic Qaatropods. Its distinguishing 
features are the sbseuce of tenuioal hairs and the slightly toruloee cbaracter 
of cells (if the branches; tbe cells of the primaiy filaments are 9 — 15 fi in 
diameter. The uext most abundant species is CA. incraitata (Hudson) Hazeu 
[^CLtiuHvafoliaAg.; Ch. ComuflaniFE(Roth)Ag.], which posaeesesa tough, 
gelatinous, sub^ichotomoiialy branched thallus, rather flat and of a darker green 
At the periphery than in the centre (fig. 27 A and B). Tbe branched tballuB 
bears much resemblance to the boras of a stag and in adult specimens is 
frequently found floating freely at the marahy margins of ponds and lakes, or 
ereo in bogs. Ch. tuhercutoKi (Roth) Ag. poseeaaee a large cushion -uhaped 
thallus from 9 to 4 (or even 5) cms. in diameter, occurring usually in marshes 
or in bogs. Ch. dtgan* (Roth) Ag. is a rarer species than the three previous 
ones and occurs as very pale-green masses, clinging to submerged stems and 
leaves of grassea, sedges, or mosses (fig. 27 C). 
T^' Genus Hyxonema Fries, 1825. [Stigeoclonium Ktltz., 1843.] 
The thallus is filamentous, branched, and usually devoid of the 
great mass of gelatinous material which is so conspicuous a feature 
of Ckostophora, The branches are scattered, more or less isolated, 
and often very elongated, but they are rarely developed in dense 
&sciculate groups. Tbe main branches bear other, shorter, lateral 
branches which are either acuminate or terminate in long hyaline 
bails. There is usually a creeping portion of the thallus, attached 
to some substratum, but adult plants frequently float freely in 

' Forma of Ch. inenu$ata and Ch. tltgant are ofteu met with enoraated with 
Unn. A rorm of the latter speeies was reoeotly natoed by TUdea Ch. caUarea. 
ViiU TUden in Botan. Gazette, 1897, pp. 87—100, 103. 
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ponds and ditches. The macrozoogonidia and microzoogonidia 
possess two cilia in some species, but four in others', and they are 
produced singly or in num- 
bers from almost all the cells 
of the thallus (fig. 28 B). 
The gametes are biciliated 
(fig. 28 C and F) and the 
zygospores are either smooth 
01 stellate. Iwanoff states 
that the macrozoogonidia 
germinate directly, but that 
the microzoogonidia pass 
into a resting stage. 

Fritsch* has recently 
published some interesting 
observations on early stages 
of development of this genus. 
He finds the development of 
the basal portion to vary very 
much in different species and 
also to some extent within 
the limits of each species. 
He also concludes that cer- 
tain plants described under 
the generic name Herpo- 
eteiron are merely stages in 
the life-history of epiphytic 
" Stigeoclonia." 

Hazen* has given ftiil 
and conclusive evidence that 
Myxonema v/aa well estab- 
lished before the publication 
of Kiltzing's genus Stigeoclonium, and sentimental reasons cannot 
therefore stand in the way of the abandonment of the generic 
name " Stigeoclonium." 

There are several BritiBh species of thia genus, of which the most frequent 
is M. temte (Ag.) Rabeuh. (fig. 28). M. anuaium (KUta.) Haaeu is also 
another nidelj distributed s[>ecies. ' 

' IwaQoII in Bull. Soo. Imp. Nat. MoEoon. 1699. 

^ Fritsch in Beihefte znin Botamnshen CentralbUH, 1903, Bd lUi, Heft i. 
* Hazen in Memoin Torr, Bot. Clab. 1902, xi, no. 3, pp. I9S — i. 




Myxonana l(nu«. (Ag.) Babenh., 
from near the Lizard, Cornwall. A, part of 
thallne (xlOO): B, eeoape of zoogonidis; C, 
escape of gametes; D and E, loogonidia; F, 
cooJDgalion of gsmelesi Q, development of a 
cluBter of zoogonidia { x SOO). 
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Genus Drapamaldia Bory, 1808. The thallus is very gelati- ' 
nous, and is differentiated into a principal filament and clusters of 
lateral branches. The cells of the main filament are large, more 
or less barrel -shaped, and are furnished with an equatorial, parietal 
chloroplast with toothed edges. The main lateral branches are 
alternate, opposite or verticillate, and are themselves very much 




. Fig. 29. DTopa-nwiXAia glomtrata (V&uch.) Ag,, from Tintagel, CornwitU. A, por- 
tion of tballns ( x 100) ; B, single cell of main flUtnent ihowing the ohloroplut 
( X 230) ; C, put of farsDoh Bhoving eBcape of zoogODidia ( x fiOO) ; D, hypno- 
■pores formed from cells of branahes ( x 500). 

branched, the apical cells frequently terminating in long hyaline 
hairs. From 1 to 4 zoogonidia arise in each cell of the lateral 
branches (fig, 29 C) and they are furnished with four cilia. They 
frequently escape through a hole in the cell-wall much smaller 
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than their own diameter, luid they pass through many different 
shapes in accommodating themselves to this small aperture. Usually 
all the cells of a single cluster of branches produce zoogonidia 
simultaneously, the entire performance occu- 
pying only a few minutea Resting akinetes 
(hypnospores) are frequently produced from 
the cells of the branches. 

There are two species, D. plumota (Vaucfa.) Ag. 
and D. glomerata (Vauch.) Ag. (fig. 29), widely dis- 
tributed Id the British Islands. They prefer clear 
water and occur both in the still water of bogs and 
iimongBt atones in Htreoms. When growing in 
streams they are usually fouad in quiet pools, 
Stretching in long, pale-green, gektinous strands 
(up to SO cms.) from stone to stone. The lateral 
branches of J), glomerata are fewer and much 
shorter than those of D. plumota, the cells m& 
proportionately a little longer, and the haira are 
also usually longer. The diameter of the primaiy 
filaments in 40 — 60 n and that of the cells of the 
branches S^lOp. Species of this genus are amongst 
the prettiest of all freubwater Algte. 

Genua FBeadochnte West & Q. S. West, 
1902. The thallus consists of two portions, 
a creeping portion and an erect portion. The 
creeping part consists of cylindrical or barrel- 
shaped cells, about 1 J — 2^ times longer than 
their diameter, each containing a parietal 
chloropiast with one pyrenoid. The erect 
branches arise at right angles to the creeping 
portion ; they are narrower and attenuated 
to fine points, each one consisting of from 
five to eight distinct cells. These cells are 
from 8 to 18 times longer than their 
diameter and each contains an elongated 
chloropiast, usually without a pyrenoid. 
Sometimes the terminal cells of the branches, 
or even the two terminal cells, contain no 
protoplasmic contents and therefore no chloropiast. 

P. graeilu West & O. S. West (fig. 30) occurs as an epiphyt* on 
aquatic plants. The diameter of the cells of the creeping filomenta ia S-7— 



Fig. SO. Piaidoehau 
graeilu West tt Q. S, 
West, ft>om near Costss, 
Oloacetlershire ( x G20). 
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7*7 n and of the erect bnuiohes onlj I'S — 1*8 fi. The pl&nta bear conBideisble 
} tterpoitnrtm Nag. {Aphanochate A. Br.) but differ in the 
1 of completely septate branches iastead of simple emptj briatles. 
The only other speciea of the genus is P. erateUetum West & Q. S. West 
whicb hae been found in Cejlon, but it ia quite possible that this is merely a 
developmental stage of an epiphytic Myxonema. 

GenuB Thanmiochsete Gay, 1893'. The plants of this genus 
are exceedingly minute, consisting only of three 
to six cells. They are epiphytic and the basal 
cell is usually modified to form a bapteron. 
The terminal cell possesses an elongated bristle 
or a short spine-like projection. The chloro- 
plast is parietal and contains one pyrenoid. 

TA. aeuUaia West & O. S. West is a rare plant 
occurring as au epiphyte in the thollus of Olaotrickia 
natoju. It is only knowD from Conoemara in Ireland 
and from the Hebrides in Scotland. The diameter of 
the cells is from fi'S^13 i^, and the terminal bristle is 
short and very sharp, arising below the apes of a 
swollen terminal cell (fig. 31 A and B). TL Huheri 
Gay is epiphytic od a species of OtdUatoria and is 
ouly knonn f^m the neighbourhood of Montpetlier in 
France. 

This genus represents the simplest type of all the 
Cluetophoraoege — a type in which branching is practi- 
cally absent. In Th. Huberi the terminal cells are 
furnished with hollow bristles or hairs exactly as in 
typical and complex Chfetophoraceee. 




Fig. 81. Thamaio- 
chau aculeata West 
4 G. a. Wert. A, 
troia near Balallan, 
Oat«r Hsbridea ; B, 
from Boheh Lough, 
Oalway, Ireland ( x 
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Family 6. MICBOTHAMNIACEJE. 

The thallus is filamentous, branched, and of small size. The 
branches are never attenuated into hairs and the cells are some- 
times moniliform or torulose. The chloroplast is a parietal plate 
with one or many pyrenoids, or sometimes entirely without them. 

The zoogonidia are only produced in special swollen cells of 
the thallus which are differentiated as zoogonidangia. Reproduc- 
tion frequently takes place by akinetca 

It is a small family and bears considerable resemblance to the 
Chsetophoracese, being distinguished by the absence of multi- 
cellular hairs and by the restricted origin of the zoogonidia. It 

' 0*7 in Bull. Boo. hot. France, torn. il, 1893, p. olxivii cum fig. ijlogi, S. 
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also resembles the Trentepohliaceie but differe in the aquatic 
habit, smaller size, and in the nature of the chloroplaats, 

Chodat includes the plants of this family in the PleurococcacesB: 
but they have unquestionably reached a higher stage of develop- 
ment than Pleurococcua or Trochiscia. 
^ Genus Uicrothamnlon Nag., 1849 ; Kircbn., 1878. The plants 
of this genus are at first fixed but afterwaids they often float 




Fijf. 32. A — D, Mierothamaion KUltingianum Nag. A — C, jonng forms Irom 
RicbmoDd Park, Surrey (xSOO). D, portion of adalt form from Horton-in- 
Ribblesdale. W. Yorks. ( x350), E, M. »(r(etinimum Babeah., from Blnbbw- 
liouBBS, W. Yorks. ( x 500). 

freely. The filaments are branched and the branches may be short 
or long. The cells are cylindrical, 3 — 7 times longer than their 
diameter, and the terminal cells of the branches are obtuse or 
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acuminate. The branchea all arise immediately below a trans- 
verse cell-wall, and at first appear as lateral outgrowthe from the 
upper end of a cell. There is also a marked tendency for the 
blanching to be unilateral. The parietal chloroplast is long, entire, 
and occupies about two-thirds of the inner wall of the cell ; it con- 
tains no pyrenoids. 

There are two apeciee, M. Kiitzingianum Nag. and M. tirietittimum. RabeDh., 
1863 [ = M. Btxalor Cooke, 1882]. The former species (fig. 32 A— D) ia much 
more abundaat than the latter, and in moat abuodant in the early spring. It 
occuri) JD small pools and ditches, and likea poat. It ia a small, much branched 
plant, with short branches of one to six cells, the diameter of the branches 
being 3—5 fL M. ttrictuiimum (fig. 32 £) ia a larger plant with en erect 
thAllus up to 4 mm. in height. The branches are much longer and more 
rigid, giving the plant a very diSerent appearance from M. Kiiizingianum. 
The diameter of the cells is 4 ft. Fig. 32 E is drawn frma one of the original 
specimens sent by W. R Turner to M. C. Cooke when the latter described 
the plant ns "Jf. vexator." 

Genus OongroBtrft Kiitz., 1843 [inclus. Pilinia KUtz. (in part)]. 
The thatlua is attached to a substratum by a masa of parenchyma- 
tous cells formed by a confluence of creeping branches. From this 
mass of cells, which may be one or many layers of cells in thick- 
ness, arise numerous, erect, branched filaments, varying in height 
firom OiM to 2 mm. This dense, cushion-like mass of erect fila- 
ments is frequently incrusted with carbonate of lime, and sometimes 
forms quite a hard stratum. The cell-walls are often thick and 
distinctly lamellose. The chloroplast is a parietal plate with one 
or many pyrenoids, but it is usually difficult of observation. The 
cells generally present the appearance of being filled with a dense 
chlorophyllaceous mass, which has been proved to contain starch 
other than that present in the pyrenoids. The zoogonidia arise in 
terminal zoogonidangia which are generally flask-shaped. The 
akinetee are ordinary cells, generally of the recumbent portion of 
the thallus, which become detached and ultimately form new 
plants. The plants usually occur at the mai^ns of ponds, lakes, 
or rivers, forming a tough green stratum on submerged stones or 
on the shells of aquatic Gastropods. 

Species of this genus are rare in the British Islands, or perhaps they may 
have been overlooked. Q. P)'n'di4Kiltz.isasmallspociea(thickneiisof prim. fiL 
8 — IS It, of branches 4 — B m fig. 33 A— C) usually encruHted with lime. 
0, ttoffHolit (West) Schmidle ia a larger species (thickneas of prim. fit. 
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16-30 ^; flg. 33 D— F) occurring attached to the 
Schmidle has recentlj given a short sjstematic ace 



ahella of JAwnaa pvregnx. 

' of the gBDus'. 




Fig.aS. A— C, Gongroiira viridii Kutz. {x600). A, from rockg, Longh B«g, 
Irelsad; B and C, from rooks near Tremethick, CorDwall. D — F, O. itagnalii 
(Westi Schmidle, from near Sutton, CambridgeBhire (xSOO). ig, Eoogoni- 
dangiam. 

Genus Leptoslra Borzi, 1883'. This genus is scarcely to be 
distinguished fro^m Gongrosira. The plants are aquatic, forming 
verj- minute bright green cushions. The branches are torulose, 
the terminal cells being elliptical, doliform, or sometimes irregular 
in form. The cell-contents are pale yellow-green in colour and 
their structure is exceedingly difficult to observe. The zoogoni- 
dangia are intercalaiy and usually consist of the modified, older 
cells of the plant. The zoogonidia may germinate directly or they 
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may conjugate in pairs and produce resting hypnospores. In the 
conjugation of the zoogonidia the ends which do not bear the cilia 
first fuse together. 

L. Mediciana Borzi is a rare plant found aniongBt SpKagnwn and Utri- 
eularia in bogs and bogg^ pools. It is only known from Yorkshire and 
Sicily. Diameter of cells up to SO ^. 

Family 7. TRENTEPOHLIACEifi. 

This femily is only represented in the British Islands hy a 
few species of the genus Trentepoklta. The thallus is aerial, 
filamentous and branched, generally occurring on rocks or on the 
bark of trees. The filaments may be very short and more or less 
creeping, or they may form erect tufts or closely matted cushions. 
The cells are sometimes cylindrical and sometimes monilifonn or 
torulose, and the branches usually show a slight attenuation. The 
cell-walls are firm and frequently exhibit external sculptures. 
Brand' states that the longitudinal walls are lamellose, but the 
transverse walla are simple ; and that the cellulose caps which are 
so frequently developed at the extremity of a branch, are the 
remains of dead, terminal zoogonidangia. This is certainly 
not true of some species, however. Each cell contains one 
nucleus and usually a number of disc-like, parietal chloroplasts 
without pyrenoids. The colour of these plants is usually some 
shade of brown, brownish-red, or orange-red, the chlorophyll being 
masked by the presence of a pigment known as hEematochromin, 
which is fi«quently dissolved in a quantity of oil. 

In the Trentepohliaceae the zoogonidia are only produced in 
specially differentiated cells or zoogonidangia. This character, the 
absence of terminal hairs and the nature of the chloroplasts, are 
the principal distinctions between the Trentepohliaceas and the 
ChsetophoraceK. The zoogonidangia are developed singly or in 
clusters, either terminating a branch and so arresting its develop- 
ment', or developed laterally on the branches, or more rarely in 
the axil of a branch. They are sessile or stalked, generally 
ellipsoid or ovoid in shape, and they open by means of a terminal 
or subterminal pore. The zoogonidia, which are of two sizes, are 
pear-shaped and furnished with two cilia. The smaller micro- 
zoogonidia have been observed to conjugate in pairs, but alt are 

> P. Bruid in Beihefte z. Bot, Centnilbl. lii. 1902. 

■ The derelopmeDl is onl; arrested temporarily as tlie terminal oell or luppoiting 
mU of lea grows throagh tha empty zoogonidaagium. 
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capable of direct germination. Kesting-sporeB or hypnoepores are 
sometimes produced. 

Wildeman' has shown the ease with which these plants repair 
injuries to the thallua 

Species of this genus are most abundant in damp tropical or 
subtropical climates, occurring profusely as epiphytes on the leaves 
and bark of trees. A few of them are constituents of certain 
tropical lichens. 




Fig. 34. A— C, Trenttpohlia aurea Mart., From Cooluidga, W. Yorks. ( x 500). 
D — F, T. ealamicola (Zell.) De Toni, from trees near Lough Outan, Donegal, 
Irelaod ( x 500). ig, zoogonidangium. 

' WildemaD, in M£m. couronnfs et ftatrea M£m. Acad. ro;. Belgiqne, 189U, 
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Genua Trentepohlla Martina, 1817. [Okroolepus Ag., 1824.] 
The thalluB is filamentous, simple or ramified. The hranches are 
alternate, of the same diameter as the principal filaments, and do 
not terminate in a point or hair. The chloroplasts are numerous, 
discoidal, and without pyreuoids, but are generally masked by 
the presence of a red or orange-red oil which colours blue with 
iodine. 

The most abundant speciee in the British Islands is T. aurea Mart, which 
occurs principally in hiUj and mountainous districts, forming broud expanded 
sheets of a bright red or orange-red colour. It is chiefly found attached to 
rocks, particularly carboniferous limestone or silurian rocks, and genersllj on 
the windward side. The filaments are 10— SO n in thickness (fig. 34 A — C). 
T. odorata (Ag.) Wittr [-7". vmbri-aa (Kiitz.) Bomat] and T. oalamioola 
(Zeller) Ue Toni (thickness of filaments 7'G— 10 /i; fig. 34 D— F) are much 
smaller British species of the genus. 



Order III. ULVALES. 

This order is mainly distinguished from the Chietophoiales by 
the expanded, parenchymatovs thallus, which is att>acbed when 
young to a substratum by 'rhizoids,' The cells are uninucleate 
and they contain a single parietal chloroplast, often of considerable 
balk and containing one pyrenoid. 

Asexual reproduction takes place by zoogonidia and also by 
gemmation. Sexual reproduction is by isogamous planogametes 
with two cilia. 

There is only one &mily which has few freshwater repre- 
sentatives. 

Family 1. ULVACEJl. 

The Algte belonging to this &mily are more often marine or 
brackish in habit than freshwater. They consist of fiat, ribbon- 
shaped or expanded plates, or more rarely they exhibit a vesicular 
or intestiuiform structure. These flat or tubular structures consist 
of one (Monoitroma) or two {Ulva) layers of cells which may be 
somewhat scattered and rounded in form, in which case they are 
frequently arranged in groups of four, or they may be closely 
compact with polygonal outlines. The two genera Monostroma 
and Enteromorpha have freshwater representatives, and in each 
case the thallus consists of a single layer of cells, division only 
taking place in one plane. The cells arc usually compact and 



n,s,t,..dDi. Google — 



96 Cklorophi/ceee 

arranged with their long axes at right angles to the plane of the 
thallas (Sg. 35 D). Each cell contains a single nucleus and one 
lai^ parietal chloroplast, often with deeply incised or lobed mat^ins 
and containing a single pyrenoid. In Monostroma bullosa (Roth) 
Wittr. the cells are generally arranged in T-shaped groups of four. 

Asexual reproduction takes place in Ulva hy zoogonidia (some- 
times termed megazoospores) with four cilia. These come to rest 
and germinate directly. Monostroma has been observed to re- 
produce itself asexually hy budding off small flat portions frona 
the surface of the thallus, each portion producing a new plant. 
Geddes' has observed a process of gemmation in Enteromorpha. 

Sexual reproduction is brought about by the conjugation of 
isogamouB gametes. Ordinary cells of the thallus become game- 
tangia and give rise to eight (sometimes four or sixteen) piano- 
gametes, which are pear-shaped bodies, smaller than the zoogonidia, 
with a pigment spot and two long cilia. On conjugation the two 
gametes coalesce slowly and a " zygozoospore," or a rounded cell 
with two pigment spots and four cilia, is first formed; this loses 
its cilia and becomes a zygospore (fig. 35 J). The zygospore 
usually genninatea directly, first forming a short filament of four 
cells, which soon produce a flat expansion by dividing in two 
directions in the same plane. According to Reinke the zygospore 
sometimes becomes a resting-spore or hypnocyst, which on germi- 
nation divides into four and then eight cells arranged peripherally 
round a central cavity. By the increase of these peripheral cells 
a vesicular thallus is produced, which in most instances ultimately 
becomes a flattened expansion attached by a few rhizoids at 
its base. 

Genus Monostroma Thur., 1854. The thallus in the adult 
plant is always a thin membranaceous plate. In its younger 
stages it is frequently vesiculose, opening out as it grows into a 
foliaceous plate, finally becoming free-floating. It consists of a 
single layer of rounded or more or less angular ceils which are 
often disposed in groups of four. The zoogonidia possess either 
two or four cilia, and the gametes are biciliated and rather smaller 



Few species of the gooua iohabit fresh water, the only British repreaenta- 
tives being M. bidloKt (fioth) Wittr. and M. membranaoea West & G. S. West 

1 Cleddee in Trans. Boy. Soc. Gdmburgb, 1881, p. G66. 
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(fig. 35, A— K). Ill the former spociea the cells are rounded, 6 — 12 ft 
diameter, and arranged in fours, the two pairs often being dbposed in a m 
or lees T-shaped manner. In the latter apeciee the cells are much m 
compact, angular, and 8 — SO /i in diameter. 
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Fig. 35. A — K, Mononroma mtmbnauieta West & G. 8. West, from Mitcham 

Common, Surrey. A, net. size ; B and C, poitions of thallus BhoniuK cells ; 
D, lection of thalloB ; E, cells with excapinR Kametes {x666). F— J, oon- 
jugation of gametuB (F— H, x 666; I and J, x 790}. K, joung plant developed 
from hrpnoHpore ( x S66). L, Enleromorpha iitteitinalU (L.) Link, from 
Frizinghall, W. Yorkshire (naC. size]. 

Oenus Enteromorpha Link, 1820. The thallus is elongated, 
tubular and intestiniform, sometimes reaching a considerable 
length. It is green, yellowish -green, or pale olive-green in colour, 
and consists of a single layer of rounded or polygonal cells, each 
with a parietal chloroplast. 

The only freshwater species of the genus is E. inteitinalit (L.) Link 
{fig. 35 L), an Alga which also occurs in brackish water and in the sea. It is 
widely distributed in the large drains and dykes in the east of England, and 
also occurs frequently in canals and ponds in other parts of the country. 
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Order IV. SCHIZOGONIALES. 

The thallus is fitameotous, sometimes (especially in young 
stages) parenchymatous, and often expanded into broad sheets by 
the fusion of the filaments in one plane. The cells are uninucleate 
with a single central, stellate chloroplast, containing one pyrenoid. 

The plants are often attached by 'rhizoids' to a substmtum, 
and are subaerial in habit. 

The order is at once distinguished from the Chaetophorales by 
its chloroplasts, and by the division of the cells in two, and often in 
three directions, especially in young plants. From the Ulvales it 
is distinguished by its chloroplasts, by the more or less regular 
longitudinal arrangement of the thallus-cells, and by the absence 
of the vesicular stage in the growth of the young plants. The 
plants of this order have most probably had a very different origin 
fix)m the Ulvales, the resemblance being only a parallelism of 
modification. 

Family I. FBA8IOLACE.ai. 

This femity has been established to include those Algee which 
are embraced in the Schizogoniales. 

The thallus is commonly terrestrial, simple and filamentous, or 
forming flat, creeping expansions. It consists of a single layer of 
cells produced largely by a fusion of the contiguous wails of cell- 
filaments. Each cell possesses a central, stellate chloroplast with 
one pyrenoid. 

Asexual reproduction takes place by gemmation and by the 
formation of resting akinetes. Lagerheim has observed the pro- 
duction of ' tetraapores.' 

Chodat regards the family as having analogies to the Bangiacete 
among the Rhodophycere, both on account of the production of 
tetraspores and the mode of growth. 

Genus Prasiola Ag., 1821. [Indus. Schizogomum Eutz. 1843, 
and Hormidium KUtz. 1843.] The genus occurs on moist earth, 
rocks, stones, old walls, trunks of trees, etc. The thallus is 
filamentous, consisting of one, two, or many series of cells, or 
foliaceous and expanded with the cells arranged more or less in 
groups of four. The cells of the ordinary filaments are broader 
than long and those of the flat expansions arc quadrate or polygonal 
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in form. The cell-wall is strong, rigid and hyaline. The single 
cbloroplast is central, star-shaped, and contains one pyrenold. 
Sometimes the thallus is fixed by rhizoids and sometimes not. In 
the broader, flat expansions the cell-walls are thick and confluent. 



OO 




Fig. 36, A— C, Franola paritltua (VRBch.) WiUe, from Bradford, W. Torkahife 
(x 500). D — G, Fratiota eritpa (Lightf.) Menegb,; D, eicamplea from Bradford, 
W. YorkB, (nat. size); E, simple filaiuent from Helvellyn, Westmorelaiid ; 

F, portion of irregaUr filament from Wimbledon Common. Surrey (x500)i 

G, basal portion of broader thallus, from Bradford, W. Yorks. (x400j. 

and the cells have the appearance of being separated by consider- 
able spaces. Reproduction is by a process of gemmation, by 
akinetes liberated at the margins of the thaltus, and by tetrasporesV 
Gay and Chodat separate the genera Schizogonwm and Prasiola, 
but I am inclined to agree with Wille' in uniting them under 
Prasioia Ag. 

Wille and Borgesen* have each described some interesting 
marine forms _6f this genus in which the plants are more amply 
supplied with rhizoids. The expanded thallua of these forms does 
not reach such a large size as the thallus of the land forms, 

Tw» Hpecies are abuodaiit, P. eritpa (Ltghtf.) Meoegh. [which includes 
Hormidium morale Kiitz. ; Schizogoniam criipum (L.) Gay; and Olotkrix 
radicatu KUtz.], the cells of which are 7--14 /* in diameter (fig. 36 D— G), 
And /*. parieiinu (Vauch,) Wille [which includea Schiiogonium murale Kxitt. 
and Hormidium parietiiium Kiitz,] with cells 9— 18 /i in diameter (fig. 36 

' Lagerheim, ' Ueber die Fortpflanzung von Prasiola,' Ber. Deutsch. Botan. 
GeMllMh. 1892, Bd i. Heft 7. 

'Wille, 'Studien uber Chloropbyceen I-VII,' Vidensk. Skrifler, I roath.- 
natnrr. Klaxse, 1900, no. 6, p. 13. 

' Borgesen, ■ Marine Alg. at the Faer5eB,' Bot. of Faerdes, Part 11, 1902. 
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A — C). These two speciea are widely distributed all over the British IsIandB, 
and thej have a decided preference for the neighbourhood of towna, being 
found frequently under walls and as a green carpet between the paviog-stones 
of quiet streets. They require little moisture and can withstand considerable 
desiccation. Aasociated with them are generally numerous Rotifera vulgarU 
and testaceous Rhizopoda such as Trinema acinut. Pratiola JurJvT'icea 
Menegh. is probably a form of P. crUpa. 

Order V. MICROSPORALES. 

This order was first established by Bohlio to include those 
curious plants which beloDg to the genua Microspora. It seems 
at first sight to be giving undue prominence to a email group of 
aberrant Algse, but at the same time it removes a di£Gculty, as 
these plants cannot well be placed in any of the other orders of 
green Alga;. 

The thallus is filamentous and unbranched, and the cell-walls 
fi«quently become broken up into H-shaped pieces. The cells are 
tininucleate, with a large reticulated chloroplast occupying almost 
the entire inner suriace of the cell-wall, and destitute of pyrenoids. 
The affinities of the order are very doubtful. 

Family 1. MZCROSPORACE.a!. 

This small family includes only one genua. The thallus is 
filamentous and simple, and the cells are cylindrical. The cell- 
walls are composed of cellulose, are either homogeneous or more or 
less distinctly laraellose, and of a similar structure to those of 
Tribonema (Conferva), the colls often becoming disarticulated into 
H-shaped pieces. A single nucleus of considerable size is present 
in the centre of each cell. The chloroplast is disposed on the walls 
of the cell and may be band-like or sheet-like, covering more or less 
the entire cell-wall. It is usually areolated or reticulated, and 
really consists of a fusion of numerous cushion-like, chlorophyl- 
laceous masses to form a stout areolated structure. There are no 
pyrenoids, but scattered granules of starch are often present. 

Asexual reproduction takes place by the formation of aplano- 
sporea which become hypnosporea (fig. 37 C and F) ; also by the 
production of biciliated or quadriciliated zoogonidia, one or two 
of which are found in a cell. Sometimes several small micro- 
zoogonidia are produced in a cell. The zoogonidia germinate 
directly. 
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Genus Hioroflpora Thuret, 1850; em. 
filaments are simple, con- 
sisting of cylindrical or 
slightly swollen cells. The 
cell-walla are firm, fre- 
quently distinctly lamel- 
lose, and sometimes dis- ^ 

sociating into pieces 
which appear H -shaped 
in optical section, each 
piece consisting of a trans- 
verse wall and portions 
of the lateral walls of two 
adjacent cells. There is 
one cell-nucleus. The 
chloroplast is disposed on 
the cell-walls as a more 
or less reticulated mass. 
Globular hypnospores are 
produced, with thick walls, 
usually one in each cell. 

There are Hevenil widely 
distributed Hpecien of this 
genus ID the British Islands. 
M. Jloccota (Vauch.) Thur. 
and M. amana(K»\.z.) Lt^rh, 
(fig. 37 A, E and F) are the 
meet abundant and often occur in email ponds and horse-troughs. M. abbre- 
viata (Rabenh.) Lagerh. (tig. 37 B and C) and M. pachyderToa (Wille) Lagerh. 
(fig. 37 D) are not so frequent. 



Fig. 37. A,A/ii:nupnraani(cna(Eutz.)La(ierh., 
from near Seoens, Cornwall, B and (J, H. ab- 
bmiala (Babeah.) Lagerh. ; B from Tremetbick 
Moot and C from St JubI, Cornwall. D. M. 
vaehydtrma (Wille) Lagerh.. from near Land's 
End. Cornwall. E and F, forms of M. amana 
(KflU.) Lagerh.; E. from Shipley. W. Yorks., 
io show the chloroplast; F, from Mew Forest, 
Hants a, aplanosporeB. {hl\ x620.) E ia 



Order VI. CLADOPHORALES. 

In this order are included three families of green Alga- which 
bear close relationship to the Siphonese and yet can scarcely be 
relegated to that order. The thallus is simple or branched and 
incompletely septate, each segment containing many nuclei and 
numerous parietal chloroplasts, the latter containing single 
pyrenoids. 

Asexual reproduction takes place by biciliated or quadriciliated 
zoogonidia, by 'cysts,' or by special resting-spores {Pithophora) ; 
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and sexual reproduction is either by isogamouB planogametes or 
by well -differentiated heterogamoua gametes. 

The order iDcludes the following three families; — 

Family 1. Cladopkoraeea. Thallus large, branched, incompletely 
septate, usually attached. Segments large with numerous small 
chloraplasta, each with a pyrenoid. 

Family 2. Pithophoracea. Tballua aimilar to that of the Clado- 
phoracera, hut distinguished by the formation of barret-shaped aud 
fusiform aeeiual reating-spores. 

Family 3. Spharopleaeea. Filaments simple, composed of elongated 
ctBaocytea. Sexual reproductioD heterogamous ; plants moncecious; 
oogonia with many non-motile oospherea ; fertilization within the 
oogonium. 

Boblin has recently proposed to transfer the femilies Clado- 
phoracese (including the Pithophoracese) and SpbasropleaceEs to 
the order Siphonese, placing them next the Valoniaceie. In this 
he is followed by Blackman and Tansley, but it yet remains to 
be shown how iar this change is justified. The thallus of the 
Gladophorales is much more septate than that of the Sipboneee 
and the branching is of a different nature. 

Family 1. CLADOPHORACEA. 

The thallus is large, filamentous and incompletely septate, each 
segment being a ccenocyte. The filaments usually have a basal 
organ of attachment, and in the genus Cladopkora are much 
branched. The growth of the thallus is apical in Cladopkora but 
intercalary in the other genera. 

There are several nuclei in each segment of the thallus and 
either one reticulate, parietal chloroplast or a large number of 
separate chloropiasta, each with a pyrenoid. 

Asesual reproduction takes place in Cladopkora and Ckceto- 
morpha by zoogonidia which are produced in lai^ numbers in the 
mother-cell and escape either by a terminal or lateral pore. 'Cyata' 
are also produced in Rkizoclonium, each one being a kind of large 
thick-walled akincte formed from a single segment. 

An isogamous sexual reproduction occurs in Cladopkora, the 
conjugation of the planogametes resulting in a zygospore which 
germinates directly without rest. 

Very little, if any, mucus is secreted by these Alga and they 
always feel rough and crisp. The absence of a mucous outer coat 
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causes them to be frequently loaded with epiphytes. Very often 
the older filaments are thickly covered with Diatoms, particularly 
of the genera Oomphonema and Cocconeis. 

Geaus ClUBtoinorpha Eiltz., 1845. The filaments are simple, 
of more or less unifonn thickness 
and fised at the base, the lower 
segments being shorter than the 
upper ones. The segments are 
often slightly swollen and they 
are of considerable diameter. The 
cell-wall is thick, very firm and 
obviously lamellose. 

MoBt of the species of thia genus 
are truly marine or brackish in habit, 
but CA. ratoria (Berk.) Rabenh. (fig. 38) 
is Bometitnes found in running water, in 
wells and horHe-trougbs, or in streams. 
Diameter of filaments 100—120 u. 




Fig.SS. Chirlo>iuiTphanitori,i{hext.) 
Bsbenh., from HeatOD, W. Yorks. 
(xlOO). 



Genus Rhizooloninm Eiitz., 
1843. The filaments are of vari- 
able size, crisp, generally branched, and attached at the base by a 
branched hapteron. The branches are short, slightly attenuated, 
sometimes merely unicellular outgrowths, but more frequently 
consisting of several celis. The filaments are often bent at the 
point of origin of a branch. The celt-walls are firm, lamellose, 
and sometimes attain a considerable thickness. The number of 
nuclei present in each segment is variable and the cbloroplast is 
in the form of a network containing several pyrenoids. The most 
recent account of the structure of this genus is by Wille', who 
confirms much that has been described by Gay'. Stockmeyer* 
has given a thoroughly good systematic account of the genus. 

In the autumn the segments of the thallus are often packed 
with starch. 

Species of this genus are marine, brackish, fre8hwat«r, or thej may even 
occur on damp soil. The only freshwatAr British species is R. kieroglyphicam 
KUtz.; em. Stockm. [^= Conferva fontiiiidit Berk.; Mierotpt>ra fontiiudu De 

1 WUIa. 'fitndieii ab«r Chlorophyceen VIT,' Vid-Selsk. Skrifter. M.-N. Kl. 
Chri8tl«Di», 1900. 

* Gay, ' Bechercbes snr le d^vel. et la alauif. de qaelques Alffiiee Tertes,' Paris, 
1991. 

' Stocknieyer, ' Cber He Alf^gattang Bhiswcloniom,' Verhandl. der k. k. 
ZooL-Bot. OeBellKh. in Wien, Jahr. 1B90. 
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Toni] which possesses filameata 10 — 37 fi in diameter and aegmeDts 2 — 5 timeu 
loDger than the diameter (fig. 38 A). The common form of this apecies poa- 
eeeaes no hranchea whatever 
and occurs abundantly in p >nda, 
ditches, drains, atreama and 
cataracts all over the country, 
thriving well in water in which 
considerable putrefaction is 
talcing place. The following 
varieties of it are widely distri- 
buted :—var. /TociS lanum ( K Utz. ) 
Stockm. [■fl.JTocAiamumKUtz.; 
R. JIavicam Eabenb.], var. tor- 
tuotutn, (Klitz.) Stockm. (fig. 
39 B— E), and var. riparium 
(Harvey) Stockm. 

GeDus Cladophora 
Kutz., 1843. This is the 
best known genus of the 
femily and is widely dis- 
tributed in salt and fresh 
waters. The thallus i^ 
branched, the type of 
branching varying with 
different species, and the 
segments are 6 — 12 (or 
even up to 20) times longer than their diameter^ There are usually 
many nuclei in a segment, but they may be reduced to two or even 
one. The chloroplast is parietal and most commonly reticulate, but 
all intermediate stages are met with between an elongated reticu- 
late cylinder and isolated plates'. There is one pyrenoid in each 
isolated piate or in each corresponding piece of the reticulum. 
The cell-wall consists of an inner and outer layer, and, according 
to Brand, of an 'outermost' layer which can be separated by acetic 
acid. The zoogonidia are very numerous and escape from the 
mother-cell through an opening formed by a complete absorption 
of the cell-wall. Nordhausen' regards the basal branching of the 
segments in a filament of Cladophora as a peculiar process, to 
which there is nothing strictly comparable in other Algse. Brand 
states that the species with strong, primary, basal organs of attach- 




Fig. 39. A, RhUoclonium I 
EiitK., lingle cell showing ohloroplaBi 
pyrenoids, from Sheep's (treeu, Cambridge 
( X £00). B— E, R. hieroglyphicum Kiitz. var. 
tortuoivm (Kiitz.) Stockm., from Heaton, 
W. YorkB.; BandC, X lOOj ~ "~ 
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ment usually form zoogonidia, and that the free-floating species 
are usually propagated by reeting-spores. 



Fig. 40. cladopkoTi 



Most of the species of the geuus ore marine, but some five or six British 
freshwater species are knovn. CI. fflamerata (L.) Kittz. (fig. 40) is &n abundant 
epecies, oocmring as dark green masses attached to rocks and stones in 
streama and waterfalls. The branching is dense and the mnaller branohea 
are in tufto. CI. criipata (Roth) Klitz. is another common speoies, usually 
occurring attached to et<»ie8. CI. fiavetctiu Ag. is a more slender species of a 
pale yellowiah-green colour and frequently occurs floating freely in ponds and 
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Fig. 41. Pitliophora (Edogonia Wittr. var. 
polyipora Bendle and West f., from (he Beddiell 
Canal, near MaooheBtei, A, xBS; B — D, frag- 
menta of tballuB with aaeioal reating aporea (m), 



ditchea. Brand' states that 
all the European apecies of 
Cladophora described by Ra- 
beohorst, eicept the ^g^To- 
pilee, must be regATded as 
varieties, forms, or conditions 
of CI. fracta or CI. glotne- 

Genus ChiBtoiiella 
Schmidle, 1901>. This 
genua waa instituted 

for tKe reception of a 
small, almost microscopic 
ptaut, which occurs either 
free-floating or attached 
to the mucous coat of 
other larger Algre. It is 
incompletely septate, and 
each segment possesses 
from two to five nuclei. 
The segments are cylin- 
drical or more or less ir- 
regular, and the thallus is 
braached. The branches 
are attenuated and the 
terminal cells are of 
greater length than the 
others. There is one 
parietal chloroplasl with- 
out pyrenoids. 

There ia only one speciea, 
Ch. Goeliei Schmidle, which is 
known from tropical Africa 
and from West Yorkshire. 
The filaments are 6—8 /i in 
thickneea. 



Family 2. F[THOPHORACE.a:. 

The plants of thia family very much resemble species of the 
genus Cladophora. The thallus is of exactly the same type and the 

> Brand in B< 
* Schmidle iJ 

f. 1. a. 
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growth is apical. The thallus is almost always branched, the 
branches arising a little below the top of their supporting cells, 
and it is attached below by well-developed haptera put out from a 
basal cell. It is doubtful if there is sufficient evidence to warrant 
the separation of the Pithophoracefe as a distinct femily from the 
Cladopboracete. 

Asexual resting-spores are produced here and there in the 
thallus, either intercalary and cask-shaped, or terminal and ovoidal 
or fusiform. These spores, which were termed by Wittrock 'agamo- 
sporea,' are richly filled with chlorophyll and the spore-wall increases 
considerably in thickness. Formation of spores may take place in 
all the cells of the cauloid part of the thallus. After a short period 
of rest the spores develop in opposite directions from the two 
apicea There is another method of asexual reproduction by ' pro- 
lific cells.' 

Genus Pithophora Wittr., 1877. This striking genns of Algse 
is almost exclusively tropical in its distribution. It is the only 
representative of the &mily, and few Algie are more characteristic 
than a plant of Pithophora with ripe spores, 

P. (Edogonia (Mont.) Wittr., var. poli/ipora Rendle and West f.' (fig. 41) 
may be regarded as a British Alga, having been found in the Reddish Canal, 
near Mancbester. i*. Keaeiiiu Wittr. occurred in a tank in the wat«r-tilj 
house, Rew Gardens, but was moat probably introduced from tropical 
S. America. 

Family 3. SPHAROPLEACEJE. 

This family includes only one Alga, which occurs in extensive 
masses on flooded plains and by the margins of lakes. The 
filaments are cylindrical and unbranched, and consist of single 
series of ccenocytes which reach an extraordinary length as com- 
pared with their breadth. The transverse cell-walls otten become 
of great thickness, and each segment, of the filament contains a 
considerable number of small nuclei. The chloroplasts, which are 
in the form of-parietal rings, are very numerous and some of them 
contain pyrenoids. 

The sexual organs are oogonia and antheridia, which may be 
formed without change of shape from any segment of the filament. 
Sometimes the oogonia and antheridia alternate in a filament, but 
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more often they do not. A number of oospheres are developed in 
each oogonium, and a very large number of antherozoide arise by 
the breaking up of the red contents of an antheridium. The 
antberozoids are small, elongated bodies, provided with two long 
cilia, and tbey find their way into the oogonia through apertures 
in the transverse walls. After fertilization, which takes place 
within the oogonium, the oospores develop a thick verrucose 
cell-wall and the cell-contents become bright red in colour. The 
oospores generally hibernate within the oogonium, and this is the 
most striking condition of the Alga, which now consists of long 
filaments, most of the segments of which are filled with numerous, 
bright red, verrucose oospores. 

On the germination of the oospore fii^m two to eight zoospores 
are set free, representing the sporophyte generation, and each of 
these forms a new plant. The young plants are simple, fusiform 
cells, with each extremity attenuated to a very fine point. 

Bohlin has suggested the transference of this family to the 
order Siphonew in close proximity to the family Valoniacese. 

Genus Sphseroplea Ag., 1824. The tballus consists of un- 
branched filaments of cylindrical coenocytes, which may only be as 
long as their diameter or up to ninety times longer. The filaments 
are 36 — 72 /t in diameter. 

The only kuown speciea — SpA. annidina (KotL) Ag.— ia not a, British 
Alga. It ocoirs extensively on inundated portions of the plains of Europe, 
Asia and America, and ia'sometimeH found in pits or quarries. It ia question- 
able if there are any suitable localities for this plant in the British Islands. 
It sometimes occura in Kew Oardens, baviug been introduced from abroad 
with various aquatic plants. 

Order VII. SIPHONED. 
The order Siphonese embraces a large number of filamentous 
Algse of many diverse forms. They are coenocytic in character, 
the individuals being without septa, so that in reality each plant 
consists of a single large coenocyte. They are mostly marine Algie 
and some of them attain a considerable size. The thallus fre- 
quently becomes vety complicated in character, but even then it 
consists of the interlaced branches of a single multinucleated cell. 
Nowhere else in the vegetable kingdom do such gigantic cells 
occur, and it is this extmordinary complication of a single cell 
which distinguishes the Siphonese from all other Algs. Many of 
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them have even reached a high stage of Bpecialization, having 
developed organs analogous to the stem, leaf and root of higher 
plants. In the genns Caulerpa the cell is strengthened by trahe- 
culsB which traverse the lumen of the cell from wall to wall. 

Asexual reproduction takes place by proliferous shoots, by 
non-ciliated spores and by zoogonidia. In most of the Siphonece 
numerous zoogonidia arise in a zoogonidangium, but in Vauckeria 
only one large one is produced. 

The plants are generally attached by strongly developed haptera. 

The only family of the order which inhabits fresh waters is the 
Vaucheriacete, and it is also the only family in which well- 
differentiated sexual organs occur. The tropical family Phyllo- 
siphonaceie includes a number of Algse which live as parasites on 
the leaves of Phanerogams. 



Family 1. VAUCHERIACSiB. 

The thallus is an elongated filament consisting of a single large 
coenocyte, and is sometimes branched. This unseptate filament 
increases in length by apical growth and is usually attached to a 
substratum hy much branched haptera. In most members of the 
family the cell-wall is thin and relatively weak, easily collapsing 
even with careful manipulation. The protoplasm forms a thick 
lining layer on the interior of the wall of the filament and contains 
a large number of minute nuclei. T he ch ldropiasta are very small 
and exceedingly numerous ; they are oval, elliptical or subcircular 
in outline and are without pyrenoida. A considerable amount of 
oil is often present in the filamenta, the oil-drops being always in 
connection with the chloroplasts. Fleissig" states that this oily 
material is a reserve substance, physiologically analogous to starch. 

On the injury of the thallus septa usually appear cutting off 
the injured parts, the uninjured portions developing into new 
pluits. {vide fig. 42 A and B.) These are the only instances of 
the occurrence of septa in the thallus except in connection with 
the reproductive organs. 

Asexual reproduction takes place by the formation of zoogonidia. 
The extremity of a filament assumes a club-shaped form and 
becomes densely filled with protoplasm, after which a transverse 

le in d. Vauchtria,' 
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septum appears and cuts off the swolleo end as a zoogDnidangium. 
The contents of this gonidangium, which are of a rich green colour, 
gradually become rounded off, forming an oval zoogonidium of 
large size. The whole surfiice of the zoogonidium ie usually 
clothed with numerous short cilia, arranged in pairs, and in the 
surface protoplasm under each pair there is a small nucleus. The 
entire structure contains one central cavity filled with cell-sap 




Fig. 12. A and B, portiooa of thallus of VaiKhiria ghomng formation of septs od 
injury; A, Vaaehtria gtminata (Vauch.) D. C; B, V. terieea Ljugb., from 
Harefii>M, Middleeei. C, apex of filament of V. letiilU (Vsach.) D. C, ebow- 
ing the zoogonidanginid from which wilt escape a single zoogonidium. D, eer- 
miuatiuu of the zoogonidium of V. eericea, from E. Yorkshire. E, V. leisitit 
from W, Yorkshire, showing developing oogonium (on right) and sntheridium 
(on left). F— H, V. geminala (Vauch.) D. C, from Bamea Common, Surrey, 
showing development of saiual organs. (All x 75.) a, antheridiura, oo, oogo. 



which is traversed by strands of protoplasm, and Schmitz has 
pointed out that it can be looked upon as an aggregate of zoogonidia 
with a great resemblance to certain of the more complex members 
of the Volvocacese. This compound zoogonidium escapes by an apical 
opening of much smaller diameter than itself and through which it 
pushes its way. Sometimes, owing to the rotatory movement of the 
cilia, the part first exuded becomes separated from the portion still 
left in the gonidangium and two zoogonidia are formed instead 
of one. 

The zoogonidia generally escape in the morning, that is to say, 
after the plants have been in the darkness for some time. They 
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are sluggish in their movemeDts and continue active for about 
fifteen minutes. On coming to rest the cilia are at once withdrawn 
and a cell-wall is developed. Klebs' states that zoogonidia can 
always be produced when filaments which have been kept moist 
for some days are soaked with water, or when they are removed 
from a dilute nutritive solution into pure water. The zoogonidia 
germinate almost immediately by the protrusion of one or more 
tube-like filaments, one at least of which attaches itself to the 
substratum by a colourless branched hapteron (or 'rhizoid'). 

Under unfevourable circumstances, particularly if the plants 
are liable to become dried up, asexual spores of another kind are 
sometimes developed. The end of a filament swells up into a 
more or less globular form and then a transverse wall appears and 
cuts this portion off. Such a spore may rest a considerable time 
before germination. 

Sometimes, owing to drought, certain filaments break up into a 
number of distinct ccenocytes, each of which develops a thick cell- 
wall. These are of the nature of rudimentary gemmse or cysts'. 

Sexual reproduction takes place by oogoma and an theridia. and 
amongst the Siphoneie this family of Algte stands alone in the 
possession of sharply difierentiated sexual organs. These are 
developed at scattered intervals along the cylindrical filament. 
Except in the dioecious plants the antheridia and oogonia usually 
Knse side by side on the same filament, or they are dififerentiated 
portions of a short lateral branch. 

The of^onia usually arise as lateral outgrowths of the filament, 
or at the end of a very short branch, and they soon assume a more 
or leas rounded or ovate form, being ultimately cut off by a septum 
at the base. The apex of the oogonium generally develops a 
rostrum or beak, which is usually turned to one side, either towards 
the antheridium or away fit)m it. The protoplasm of the oogonium 

' Klebe, 'Die BediDgnngen d. ForlpflAnzung bei eiDigen Algea a. Pilzen,' Jena, 
1396. 

' Bennett and Hnrray in their 'Handbook of Crjptogamio Bctaa;,' LondoD, 
1889, p- 281, in reCemag to this special type of aaeiual reprodaotioD in Vaucheria, 
state that " ia this oonditioa it wan formerly dencribed as a distinct organism under 
Ihe name of Goiigroti)'a." Dr Scott, alao, in hia ' Introd. to StruaCani Botany, 
Part II,' London, 1897. remarka that "this is oalled the Gongroiira iitate, because 
specimens of Vauchxria in this condition used to be placed in a different genuA 
Dnder that name." Tbees are most unfortunate statements, as Qongrosira ia a 
well-established genns of the ChKtophoraleR, which reproduces itself aseiaally by 
minute biciliated zoogonidia, and none of the plants of which approach in size even 
the smallest koowa species of VatKbtria. 
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contaiDS a considerable amount of oil, numerous chloroplaste, and 
after the appearance of its basal wall, only one nucleus. That 
portion of the protoplasm towards the apex or beak becomes clear 
and free from chloroplaata, and is termed the receptive spot. The 
cell-contents now become rounded off, forming the ovum (or 




Pig. 43. A and B, Vauchtna leitUii {Tauch.) D. C. ; A, frwu Esbet Weat-end 
Common, Snrrsf; B. from MiUbun Common, Surrey. C uld D, V, hamata 
(Vaach.) Lyngb., from Calverley, W. YorkB. E, oogoninm and oospore of 
V. ttricea LjDgb., from Beverley, B. Yorkghite. (A— D, x200; E, )t320,) 
a, antheridiDm ; an, antLerozoid ; oo, oogonium. 

oosphere) and soon afterwards the wall of the oogonium opena at 
the extremity of the beak, a small quantity of mucil^nous pro- 
toplasm being exuded. • 

The antheridia develop simultaneously with the oogonia and 
generally in close proximity to them. (Fig. 42 E.)- Each anthe- 
ridium arises as a short cylindrical branch which usually becomes 
much curved on approaching maturity. (Fig. 43 A and B.) The 
terminal portion of this curved branch is cut off by a septum and 
becomes the actual antheridium. In some species, such as in the 
submarine Vaucheria synandra, a number of antheridia occur on a 
stnicture known as an " androphore." The protoplasm of each 
antheridium contains numerous chloroplasts and nuclei. The 
nuclei collect in the central portion of the antheridium and it ia 
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this part which breaks up into the antherozoids (or spennatozoids). 
The latter are extremely minute, each one consisting of a small 
amount of protoplasm surrounding a nucleus and possessing two 
cilia. The .cilia are attached &r apart and point in opposite 
directions. (Fig. 43 A, on.) The antherozoids swarm for a short 
time within the antheridium, which soon opens at the apex and 
sets them free. A certain amount of unused protoplasm is 
expelled with the antherozoids and another portion is left behind 
in the fmtheridinm. 

The antherozoids swarm near the opening of any oogonium 
they may happen to reach and frequently several of them enter 
the oogonium. One of them fuses with the oosphere at the region 
of the receptive spot and its nucleus travels through the protoplasm 
of the oosphere until it reaches the single nucleus of the latter. 
The male and female nuclei then unite and fertilization is effected. 

The fertilized ovum or oospore now invests itself with & cell- 
wall of considerable thickness and undergoes a prolonged rest. 
The oospores can withstand a certain amount of desiccation, and on 
germination they give origin to a new plant without any alternation 
of generations. 

Genus Vancherla DC, 1803. This is a widely distributed 
genus of Algie the filaments of which are interwoven to form 
compact, mat-like masses, either on damp earth, or in fresh or salt 
water. They most commonly occur in situatioiia where they are 
subject to the splashing or trickling of water, although some 
habitually occur on damp ground or are entirely submerged. They 
are most abundant in the earlier months of the year. The filaments 
are coarse and thick, consisting of large coenocytes, which some- 
timee reach 30 cms. in length, and their numerous chloroplasts 
give them a dark green colour. They are very sparsely branched, 
and some species rarely exhibit any branching except in connection 
■with the formation of the sexual organs. Dioecious species of the 
^nu8 exist, but in most others the antheridia and oogonia are 
developed in close approximation on the same filament. The 
filaments are sometimes subject to the attacks of the Rotifer 
Notommata Wemeckii, which produces irregular gall-like swellings. 



V. seitHU (Vauch.) DC. ia perhaps the commonest species of the genus, 
being widely diatributed in damp and wet aituatione m the neighlxiurhood of 
streams, CAtaracta and boggy springs ; thickness of filaments 69 — 80 n (figs. 42 

rs in similar 
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C and E ; 43 A and B). V. geminata, (Vauch.) DC. also oc(,-urs in similar 
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localities; thicknees of filameote 78—90 n (fig. 42 A, F— H). V. ttrreUru 
Lyngb., and V. kamata (Vauch.) Lyngb, (fig. 43 C and D), oocur in profiiBion 
on damp ground, often forming thick mats od gravel paths and on the surface 
soil of damp flower-pota. V. terioea Lyngb,, which is the amaUegt British 
species (thicknoaa of fiL 48 — 55 /t ; fig. 42 B and D, 43 E), and V. arena Haas. 
uauoUy occur entirely submerged in the waters of ditches and ponds. V. dicho- 
toma (Lyngb.) Ag. is the lai^est British species (thickness of fiL 180 — 230 fi) 
and is dicecious. Some forms of it are truly marine, but others oocur in 
brackish water. 



Order VIII. CONJUGATiE. 

The order Conjugatse is one of the beet deiined and most 
natural of the groups of the Chlorophycese,. - ■ The thallus is 
unicellular in the Desmidiacese and the individuals exhibit great 
specialization of form. In the Zygnemaceie, which is the only 
other family of the order, the plants are multicellular, consisting 
of unbranched filaments of cylindrical cells. These filaments are, 
however, fragile and often become disaociatied into their individual 
cells. All the plants of this order, whether unicellular or multi- 
cellular, are remarkable for the great development of the gelatinous 
pectose constituents of the cell-wall. There appears to be a 
continual exudation of this gelatinous material, until, in some 
instances, it is of much greater bulk than the individual plant, 
and it fi^uently happens that tlje unicellular forms occur 
embedded in a maaa of transparent jelly formed by the coalescence 
of their outer gelatinous coverings. , 

One of the most conspicuous features of the order ie the 
presence of chloroplasts of larg^ size and definite form. They vary 
in number from one to about eight or twelve in each cell and they 
exhibit great variety in form and symmetry. Each chtoroplast 
contains one or more conspicuous pyrenoida. Boubier^ has 
observed in species of Spirogyra and in MougeoHa scalaris Haas. 
what be terms ' compound pyrenoida.' These consist of an 
agglomeration of pyrenoid structures enclosed in a membrane and 
containing in the centre a pyrenocrystal. 

Multiplication of the filamentous tbnnfe sometimes takes place 
by the fragmentation of the filaments, each cell undergoing rapid 
division and forming a new plant. 

Asexual reproduction may be brought about in the Zygnemacese 
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by the formation of reeting-cells with thick walls, which have 
received the oame of ' cysts.'- These are capable of surviving the 
winter. In both the Zygnemacese and Desmidiacete aplanospores 
are sometimes formed. Zoi^nidia are entirely absent from this 
order of green Algte. 

Sexoal reproduction takes place by the conjugation of isogamoua 
gametes and the formation of a zygospore. As the gametes are 
devoid of cilia and therefore non-motile, they are known as aplano- 
gametes. The ordinary vegetative cells become the gametangJa, 
usually without change of form, and only one gamete arises from a 
gametangium, the entire cell-contents of which are generally 
utilized in its formation. la-the Deamidiacest (with a solitaiy 
exception) the gametes are set free and conjugation takes place 
outside the gametangia, but in the Zygnemeie the gametes unite 
either within one of the gametangia or within the connecting-tube 
which joins them. In these groups the zygospore afber a period 
of rest forms a new gametophyte, but in the Mesocarpeee the 
s^gospore immediately forms a rudimentary sporophyte with one 
spore (a carpospore) ; the latter undergoes a long rest. 

Much has been written concerning the sexuality of the Con- 
jugate, and much of the evidence which has been brought forward 
of late yeara indicates that sexuality of a low type does exist. 
This sexuality is less marked in some Conjugates than in otheiB, 
and least of all in the Desmidiaceie. The cells in a filament of 
Zygnema or Spirogyra need not necessarily be considered as all of 
the same sex. It is quite possible that they have no sex until just 
prior Co conjugation. There is no visible change on the conversion 
of an ordinary vegetative cell into a gametangium ; the change is 
a physiological one which most probably takes place immediately 
antecedent to conjugation, and the formation of a male or a female 
gametangium may depend upon restricted local conditions. Taking 
this into consideration, it is no more surprising to see both male 
and female gametes produced from the cells of a single filament 
than to see a filament which gives origin to gametes of one sex only. 
It has been shown that a strictly filamentous condition is of no 
essential import^ce to the life of the Conjugate, and also that the 
functional activities of the ceils of a filanient are greatly increased 
during conjugation, even in those cells which take no part in the 
actual conjugation'. Thus, there is no reason why the physiological 
1 West & U, S. West, ' Obg. on the Conj.,' Ann. Bot xIt, 1898, VB- ^< 3^> ^- 
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changes which take place in a filament on the conversion of its vege- 
tative cells into gametangia — changes which are rendered manifest 
by a general increased activity — should not be so &r modified at 
different parts of the same filament as to produce a differentiation 
of sex. This affords an explanation of the rare cases of " cross- 
conjugation" to be described later on, but at the same time there 
is no doubt that it is a general rule in the Zygnemeee that the cells 
of any one filament all become of the same sex. 

Little is known concerning the effect of temperature and 
climatic conditions on the methods of reproduction of the ConJ ugatse. 
A high altitude, which is usually accompanied by a relatively low 
temperature, certainly favours the formation of 'cysts,' and an 
increase of temperature is in many cases an aid to conjugation. 
With regard to the British Islands, conjugating examples of the 
ZygnemaceEe are more frequently met with in low-lying areas than 
in upland districts, and most frequently in the western or south- 
western counties. Observations tend to prove that the Conjugatie 
in their natural habitats withstand extremes of temperature very 
well, and that they are capable of adapting themselves to very 
different conditions fix>m those under which they normally exist. 

All plants of this order, whether unicellular or filamentous, are 
very slimy to the touch. This is due to the gelatinous nature of 
the outer layers of the cell-wall, and this character alone frequently 
enables the collector to distinguish Conjugates frvm most other 
filamentous green Algse. 

The order is subdivided into three &milies, of which one — the 
Temnogametacese — is only known ftom Equatorial Africa. The 
two British &milies are : — 

Fomil}' I. Zygnemacea. Thallus fiktnentoiia, coneisting of a single mries 
of cyiindrical cells, each cell poesessiDg one or several chloroplaeta of definite 
form. Any cell may become a gametaagium. 

Family 'i- Deimidiacete. Thallu^ unicellular ; cella eometimes loosely, 
sometimes closely joined into simple diamentH, in moit genera conttrieled into 
tiro equcU and lyminetriail lialces. Chloroplaats one or aeveral in each cell, 
iiaiially of definite form, ilauj of the plants of this family are remarkable for 
their beauty of form. Any cell may become a gamotAagiitm. 

Family 1. ZYONBMACEiSS. 
This family of Conjugates has a world-wide distribution and 
includes some of the commonest and most striking of freshwater 
Algie. The thalhis is in every instance filamentous tmd consists of 
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a single aeries of cylindrical cells forming an unbraDched filament. 
Rare instances of branching are known, but the branches have 
been limited to short lateral outgrowths consisting only of a few 
cells ; such outgrowths have been observed in the genera Zygnema 
and Motigeotia^. Similarly, longitudinal septa of an incomplete 
character have been observed in Zygnema pachydermum West, var. 
confervoides West*. Rhizoid-like organs of attachment or haplera 
are of frequent occurrence in young plants of Spirogyra and 
Motigeoiia, but have not been noticed in any of the other genera of 
Zygnemaceee. They are usually simple or branched outgrowths 
near the base of the filament, but in Spirogyra they may arise by 
the modification of a conjugating- tube which has been protruded 
by a cell some distance removed from those cells actually engaged 
in conjugation. This is yet another proof of the increased activity 
of the filament as a whole during conjugation. 

The Zygnemacete is divided into three sub-iamiliea, of which 
the Pyxisporeje is only known from tropical Africa. The two 
British sub-iamilies are : — 

Sub-familj' 1. Metocarpea. Conjugation forming a zygospore which 
immediately develops a aporocarp of several cells, one of which is the 
epore (carpOHpore). The gametophyte is developed from this spore 
after a period of rest. 

Sub-E&mily S. Zycpiemea. Conjugation producing a zygospore which 
after a period of rest develops directly into a new gametophyte. 

Sub-femUy I. MESOCAEPE^. 
The plants of this sub-family are the narrowest and most 
delicate of the filamentous Zygnemace%. There is a great varia- 
bility in the diameter and relative length of the cells, and the 
cell-wall is relatively thin. The cells contain a single chloroplast, 
generally in the form of a thin axile plate, which may extend from 
end to end or only occupy the median portion of the cell. Eiach 
chloroplast contains several pyrenoids arranged in a single longi- 
tudinal series. The chloroplasts of adjacent cells usually lie in the 
same plane, so that a whole filament of cells may exhibit the full 
breadth of the chloroplasts or it may be in a position such that 
only the thin edge of the chloroplasts can be seen. The action of 
light causes a rotation of the plate-like chloroplasts of Mougeotia. 
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Iq diffused daylight they place themselves at right angles to the 
direction of the incident rays, but in strong sunlight the edge of 
the plate is directed towards the light. This has long been known 
to students of Algse and special mention of it was made by Bennett. 
Quite recently this pheoomenon, which is well exhibited by the 
chloroplaats of many green plants, has been further .investigated 
and it has been shown that the chloroplaat occupies on an average 
about 30 minutes in rotating through 90°.' Apart from the lining 
layer of protoplasm and the chloroplast, a considerable proportion 
of the cell-cavity is usually occupied by large fluid vacuoles, 

Ve^tative miittiplication frequently occurs by the dissociation 
of a filament into its constituent cells, each of which forms a new 
plant by rapid cell-division. 

Asexual reproduction takes place occasionally in Mougeotia by 
the formation of spores resembling aplanospores'. These spores 
are produced by the division of a vegetative cell and they may be 
regs^ed as carpospores formed from sporocarps (consisting of three 
cells) produced without conjugation, but possibly in consequence 
of the stimulus which has already caused conjugation to take place 
in a distant j)art of the filament. In the genus Qonatonema repro- 
duction is solely by the formation of aplanospores, the whole of the 
contents of a single cell being generally, but not always, utilized 
in the formation of a spore. It has been noticed in the three best 
known species of GonatonCTna (viz. 0. ventricosum Wittr., G. Bood- 
lei W. & G. S. West, and G. tropicum W. & G. S. West) that 
during the formation of the spore, and just before the rounding off 
of the protoplasmic mass, there is sometimes a more or less 
complete division of the cell-contents into two parts'. I have care- 
fully studied the formation of aplanospores in this genus and this 
curious separation of the cell-contents into rudimentary gametes 
is by no means of fi^uent occurrence. It is most likely a slight 
retention of the last traces of ancestral sexual characters, the 
spores having arisen at one time by a process of conjugation. 

Sexual reproduction of a low type takes place in Mougeolia by 
conjugation. This almost always occurs between the cells of 
different filaments which are lying side by side. Each cell puts 

> F. J. Lewie in Aqd. Bot. xii, 1898. 

< Wittrook, 'Om OotL ooh 01. Botv. Alg.,' Bihimg till K. St. Vet.-Aknd. Huidl. 
Bd 1, no. 1, 1872, t ii, f 7 and 8. 

' W. A O. 8. West in Ann, Bot. 1698, iIt, p. S9, t i*, f, 8 ; Trans. Bo;. Iiiah 
Amd. xuii, seot. B, 1902, p. 17, t. i, f. S. 
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out a protuberance on the side towards the other filament, and 
thifl meets with a similar protuberance from one of the opposite 
cells. The ends of the protuberances fiise together and an open 
tube is formed placing the two conjugating cells in communication 
with each other. This is known as the conjugating-Uibe. During 
the development of the protuberances and their ultimate fusion 
the greater part of the protoplasmic contents of each cell, including 
the chloroplast, contracts away from the wall of the gametangium 
and passes into the conjugating-tube. There, a coalescence of the 
gametes takes place, resulting in the formation of a zygospore, 
which, although a compact mass situated in the conjugating-tube, 
is not at firet cut off from the rest of the protoplasm left in the 
gametangia. Wittrock regards the entire H -shaped structure, 
consisting of the two gametangia and the conjugating-tube, as the 
zygospore. Cell-walls soon appear in this structure, indicating the 
formation of a rudimentary sporocarp, and they cut off a central 
fertile carpospore from the surrounding sterile cells (two, three, or 
foar in number). Thus, the Mesocarpese afford an instance in the 
green Algie of a sporophyte generation and a rudimentary ' alterna- 
tion of generations.' 

The method of spore-formation met with in Mougeotia differs 
materially from that which occurs in the Zygnemete. The spore is 
not formed by the development of a new cell-wall around the fused 
gametes, but by the appearance of partition walls which cut off 
some part of the H-shaped structure in which fusion of the gametes 
has taken place. Thus, the spore in the Mesocarpes can be re- 
garded as a carpospore which is bounded partly by new walls and 
partly by the walls of the gametangia or the conjugating-tube. 

The type of conjugation between the cells of distinct filaments 
is known as scaiarifortn conjugation. In some cases conjugation 
occurs between adjacent cells of the same filament. This type is 
known as lateral conjugation, and although commonly met with in 
the Zygnemese, is very rarely observed in the Mesocarpece. 

Irregularities are sometimes met with in the conjugation of 
Mougeotia. Cases have been observed in which the terminal cell 
of a filament has entered into conjugation through its free end, no 
conjugating-tube being developed, and rare instances occur in 
which three cells, each belonging to distinct filaments, have entered 
into conjugation. Equally rare are the hybrid examples in which 
conjugation has occurred between species of Mougeotia of different 
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thickness. Two carpospores have been observed to be formed in 
one sporocarp of Mougeotia capucina ; this is precisely anali^iu} 
to the double spores met with in certain Desmids and in abnormal 
cases of Spirogyra. 




Fig. 44. L, Mougtotia sp., from Frizinghftll, W. Yorks., young filament Bhawing 
organ of attachment { x 100}. 6, Moagtotia capucina (Boiy) Ag., from tbe 
New Foreat. Hanta., lowing edge of plate-like cbloroplaal (x430). C, U. 
viridii (Eatz.) Wittr. ( x 415). D— H, M. parvula Ebbs.; D— F, from Epping 
Forest, Eaeex ; G and H, from near Settle, W. Yorka. ( x 445). I, U. graeiU 
lirnai'Q.aAS.) Wittr., from Eabec West.end Common, Surrej ( xl4S). t^, oarpo- 
spore; tp, sporoo^^; z, xygospore (of Wittrook), 
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Indications of sexuality are to be found in the Uesocarpese, 
but they are much less marked than in the Zygnemeie. The 
spores are often seen to be situated nearer to one gametangium 
and the conjugating-tube of that gametangium to be thicker and 
shorter than that of the other ; hence the former may be looked 
upon as a female cell and the latter as a male cell. As these 
indications of sexuality are scarcely discemible and often absent, 
the Mesocarpete may be regarded as having lost almost all traces 
of differentiation of ses. 

Genus Uoogeotia Ag., 1824. [Stauroaper-mum Kutz., 1843; 
Meeooarpus Haas., 1845; Grateroapermvm Braun, 1855; Flagio- 
«permum Cleve, 1868.] The thailus consists of cylindrical un- 
branched filaments of elongated cells. The single chloroplast is 
disposed as an axile plate, extending from end to end of the cell or 
only occupying the median portion. The pyrenoids are numerous 
and usually arranged in a single series. In M. capucina the 
chloroplast sometimes assumes the form of an irregular axile rod, 
.connected with the lining layer of protoplasm by fine colourless 
strands, and the vacuoles contain a purple cell-sap. In some 
species the carpoepores are spherical, but in others they are quad- 
late'and more or less flattened, with rounded or truncated angles. 
Species of this genus were at one time referred to various genera, 
such as Meaocarpua, Staurospermjim, etc,, according to the disposi- 
tion of the .sterile cells of the sporocarp and the form of the carpo- 
spores, but all the supposed generic differences have been found 
by Wittrock to be present in one and the same filament of 
Moiigeotia calcarea Wittr. Throughout the entire genus there is 
great variability in the relative size of the carpospore and the 
sterile cells of the sporocarp. 

In mountain tarns and lakes species of this genus are extremely 
' abundant, and they flourish in the summer months in small pools 
OQ the mountains up to 3,000 ft. elevation. In these situations 
the plants rarely conjugate and they are kept alive through the 
winter largely by the formation of resting-cetls or 'cysts,' which 
are of the same form as the ordinaiy vegetative cells. In the 
plankton of large lakes the filaments are often much twisted and 
coiled. 

There are about IB British species of the genus, of which M. acalarit Hass. ■ 
(diameter of fil. SB — 35 p) is the largest and It. deganhda Wittr. (diameter of 
GL 3-5 — 4'5 fi) is one of the smallest. The two most abundant apeoiee arc 
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M. parvula HasB. (fig. 44 D— H) and M. graciUima (Hass.) Wittr. (fig. 44 I), 
which conjugate freely, in all parte of the counti; and at all elevations up to 
1,200 ft. X. gaivJUxa (Dillw.) Ag. is a frequent species in ditches and ponda. 
M. ffeUuinota Wittr. is one of the rarest British species, being cht^acterized 
b; the curious gelatinous investment of the carpospore. 

Genus Oonatonema Wittr., 1878. The tbailus is similar in 
all respects to that of Mougeotia, but the reproduction is brought 
about solely by the formation of aplanospores, the filamente usually 
becoming genuflexed at the points of location of the spores. Each 




Fig. t5.' A— F, QonaUmtma BoodlH W, & 6. 8. West, ftom Uitcham Common, 
Sorray. Q — J, G. ventneotmu Wittr., from the river above Crolly Bridge, 
Done^l, Ireland. (All x44e.) a, aplanoipore. 
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spore is formed by the rejuvenescence of the contents of the 
mother-cell, and there is a greater difference in size between the 
aporea of species of this genus than can be accounted for by the 
difference in cubical capacity of the mother-cella. 

Pkats of this genus are of much rarer occurrence than those of MmtgeoHa ; 
in foot, they are amongst the rarest of the Conjugatee. 0. notabUe (Haas.) 
Wittr., with vegetative cells 12 — 16 n in diameter, bss not been seen since its 
dincoverj hj Hassal in 1646. G. veTitriootum Wittr. (fig. 4S Q — J), with veg. 
cells 7'5 — 8*6 /i in diameter, is known from Irslsind ; and O, BoodUi W. & 
Q. S. West (fig. 45 A — F), with veg. cells 5 — Q'S n in diameter, has been found 
in Surrey. The aplanosporea of 0. ventricotum. are likewise considerably 
different from those of 0. Soodlei and they are sometimes produced by the 
swelling of the free end of the terminal cell of a filament. 



Sub-feniily II. ZYGNEME-E. 

The plants of this sub-family consist of unbranched filaments 
of cells similar to those of the Mesocarpess, but usually of much 
larger size. There is a lining layer of protoplasm in each cell and 
the nucleus is situated in the central portion of the cell, embedded 
in a mass of protoplasm which is connected with the lining layer 
bj numerous radiating strands. Qerassimoff ' finds certain cells of 
Spirogyra majtucula to contain two ordinary nuclei or one com- 
pound nucleus. The chloroplasts, which contain prominent pyre- 
noids, are somewhat variable in form and disposition ; in Debarya 
there is a single asile plate similar to that of Mougeotia; in 
Zygnema there are two star-shaped chloroplasts suspended in the 
middle line of the cell; and in Spirogyra the chlorophyll is 
arranged in one or more bands twisted spirally round the interior 
of the cell-wall. The chloroplaats of Spirogyra are very variable 
and special reference is made to this feature under the genus. 

Vegetative multiplication takes place as in the Mesocarpete by 
the breaking up of a filament into its constituent cells, or into 
groups of cells, which then grow into new filaments. 

Asexual reproduction sometimes takes place by the formation 
of aplaooepores, which are produced from the contents of a single 
cell. They are more fi^uently found in Zygnema than in Spiro- 
gyra, and until the discovery of Z. spontaneum Nordst. in West 
Afiica', the only known method of reproduction of this species was 
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an asexual one'. The aplanofipores (or, as they are frequently 
termed, ' parthenoaporea ') of Zygnema are generally globular and 
rather amaller than the zygospores, but those of Spirogyra are as 
a rule very aimilar in form to the zygospores. Klebs has stated 
that parthenogenetic reating-spores can be produced in filaments 
with long conjugating- tubes by placing them in a strong aolution 
of sugar. Spirogyra mirabilis (Hasa.) Petit is reproduced solely 
by sporea resembling aplanospores, but produced by a degenerate 
form of conjugation'. Many of the upland forms of Zygnema 
habitually form solitary resting-cells or ' cysts ' in order to survive 
the winter. 

Sexual reproduction takes place by conjugation in all the 
genera of this sub-family. The usual type of conjugation is Bcala- 
riform, between the cells of two distinct filaments. The conju- 
gating-tube is formed exactly as in Mougeotia, and in all except 
species of the genus Debarya and certain species of Zygnema 
belonging to the section Zygogoniuvi, the fusion of the gametes 
takea place in one of the gametangia. In the formation of a 
gamete the protoplasmic mass contracts away from the cell-wall, 
the chloroplaat loses much of its original form, and the mass 
becomes of an ellipsoidal shape. The whole of this mass then 
glides gradually Ikim its gametangium through the conjugating- 
tube into the opposite gametangium. The gametes may coalesce 
immediately on contact and before the one has completely passed 
through the conjugating-tube, or they may lie side by side in the 
gametangium before fusing. On the coalescence of the gametes 
and the fusion of their nuclei the mass generally assumes a spheri- 
cal or ellipsoidal form, develops a thick cell-wall and is known as 
the zygospore (or zygote). 

The cell in which the fusion of the gametes takes place and 
therefore the one in which the zygospore is formed, is known as 
the female cell, and the one which is emptied as the male cell ; 
and that part of the conjugating-tube developed from the female 



' Horaet. -AJg. et Char. Sandvic' 1878, p. 17, t, 1, f, 23, 24. 
* Petit in his 'Spirogyra des GDvir. de Pkria,' p. 14, 



bilii: "Cetta tr^ aurieuse eap^ce ne conjugue pas et ne laiaee voir auoun tube 
oopulateuc; k ime uert&ine 6poque de la vie de la plante, lea oeUalea reuflent vers la 
milietl, I'Gudoahrome ge porMge en deal parties qui se concentrent sous forma de . 

Sabule BQi deax esLtr^niitfs de la cellule ; il se forme ainsi uue differentiation entr« 
s parties de I'endochrome. Bient6t lea deui globulee ae rapprochent vers la partie 
renflfia de la cellule et flnissent par ae r£unir en constitaent ainai la zygoBpore." 
This ia a similar phenomenon to that vhich oooaaioaallj ooours in the formatioii of 
the aplaoosporea of Gonatotuma. (Consult page 118.) 
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cell is Qsually thicker aad shorter than the part developed from 
the male cell. The female cells frequently become much swollen 
after the fusion of the gametes. 

On the examination of a lai^ number of conjugated examples 
of either Spirogyra or Zygnema one feature must impress itself 
even on a casual observer, namely, that " the direction of conjuga- 
tion is clearly governed by some physiological law, the movement 
of protoplasm between the two filaments almost invariably taking 
place in one direction only, bo that one of the two conjugating 
filaments is entirely emptied, while the other is filled with zygo- 
sperms*." Thus, the cells of one filament usually become all of 
the same sex. 

Two filaments are generally concerned in an example of scala- 
riibrm conjugation, but three, four, five, six, or more, are occasion- 
ally seen {vide fig. 49 A). Such are mostly cases of polygamy or 
polyandry, and statistics seem to show that the former is the more 
frequent. 

Lateral conjugation, or conjugation between adjoining cells of 
the same filament, is fi^uently observed, but it is much scarcer 
than scalariform conjugation and may be regarded as exceptional. 
It is more often met with in Spirogyra than in Zygnema and is 
especially frequent in some of the smaller species, such as S, 
tenuiatima (Hass.) Kiltz., S. inflata (Vauch.) Rabenh., and S. 
varians (Hass.) Kutz. Gross-conjvgation, in which some cells of 
the filaments are male and others female, and therefore in which 
perfectly normal zygospores are found in both filaments, is exceed- 
ingly rare. In both lateral and cross-conjugation, as was mentioned 
in the general remarks under the order Conjugatse, a differentia- 
tion of sex must take place amongst the cells of the same filament, 
some becoming mate and otheis female. 

Sometimes certain irregularities are met with in the conjuga- 
tion, and these are no doubt largely due to the increased functional 
activity of all the cells of the filaments which is such a striking 
accompaniment to conjugation. Zygospores are occasionally ob- 
served which have been produced by the coalescence of three 
gametes, two male and one female', but attempts of this nature 

> BeoneU and Unmj, 'A Handbook of Crfptoganiio BotaD;,' London, 1889, 
p. 266. 

• West in Notarisift 1891, »i, t. xiii, f. 13 ; Borge in Bitung till K. Sr. Vet.- 
Akad. Hand]. Bd 17, 1B91, no. 2, t. i.t.i; W. ft U. S. West in Ann. Bot. zii, 
1896, t. T, (. 66. 
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are usually abortive' (fig. 49 B). Gerassimoff has obeerved the 
conjngatioD of two female cells with one male cell and the forma- 
tion of the zygospore by the coalescence of the protoplasm of the 
male cell with that of one of the female cells, a partheoospore 
being formed in the other female celL In those plants of the 
Zygnemese in which the zygospore is formed in the conjngating- 
tube, conjugation between three cells entails the production of 
two zygospores, each of which is less than the normal size. Owing 
to sudden changes of local conditions it frequently happens that 
the conjugation has been brought to an abrupt termination before 
the proper formation of the zygospores has taken place. In such 
cases of interrupted conjugation the spores are apt to be very 
variable ; sometimes the spore is act of its true form, and at other 
times one small one is formed in each gametangium or two small 
ones in the female gametangium*. The discovery by Gerassimoff 
of binucleated cells in the Zygnemese may perhaps afford an expla- 
nation of some of these irrregularities of conjugation. He states 
that in the conjugation of binucleated cells parthenospores were 
sometimes observed. 

Bare instances of hybrids are known, in which conjugation, 
with the production of zygospores, has occurred between filaments 
of different species*. 

The ripe zygospores possess a thick wall of cellulose which is 
divisible into three coats, the outer one being cuticularized and 
the middle one usually exhibiting some form of sculptured mark- 
ings. The contents of the zygospore often turn red in colour and 
develop a large amount of oily material. Sometimes the chloro- 
plasts of the two gametes remain intact in the zygospore ; some- 
times those of the female remain intact and those of the male 
disintegrate ', but it is quite a common thing for the chloroplasts 
to completely disintegrate before the fusion of the gametes. The 
zygospores undergo a period of rest, surviving the winter or even 
a period of drought, and they usually germinate after the conju- 

> W. A Q. 3. Weat, 1. c. £ga. 67 and 6H ; Schmnla in Hedvigia, xunu, 1699. 
(c. fig.) Copeland states that in gacb a case the nucleus of the abortive male oelt 
is sitaated agaiuat the wal] opposite, remote from the eoninRStiair-tabe. (Cf. BulL 
Ton. Bot. Club. »ii», 1902.) 

^ BoseilTiiiRe in Ofveta. K. Vet.-Akad. Forh. 1883, no. 8, t. viU, f. 1— 11; West 
in Notarisia 1891, vi, t. liii, t. 37, 28; Hftnagirg in Hedwigia 1888, t i, f. 6; 
W. 4 G. 8. West, 1. <s. L V, f. 74—80. 

' Cf. Spirogyra maxima var. ijiaqualit WoUe Freahw. Alg. n. a. (. cixniii, 
f. 6, 6; t oxlii, f. 5, 6; W. i G. S. Weat. I. o. t. y, (. 70, 71. 
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gating filaments have entirely perished. In Spirogyra the two 
outer coats are ruptured, generally at one end of the spore, and 
the protoplasm ia protruded as a filament clothed with the inner- 
most cellulose wall. This filament becomes divided by a transverse 
septum, one cell becoming an organ of attachment and containing 
little or no chlorophyll, whereas the other cell increases in size, 
contains one or more chloroplasts, and hy repeated divisions forms 
a filament. The distinction between base and apex is soon lost 
fmd the filament floats fi-eely in the water. Organs of attachment 
have, however, been observed to be developed subsequently from 
older cells. In the germination of zygospores of Zygnema the 
distinction into base and apex is scarcely evident. 

Certain of the zygospores of Spirogyra velata Nordst. have 
been observed to germinate immediately after their formation 
without the development of a thick cell-wall (fig. 49 E and F)'. 

Genus Debarya Wittr., 1872. [MaugeoHopns Palla 1894.] 
The thallus consists of simple, cylindrical filaments, with or without 
a distinct constriction between the cells, and with a thin external 
mucous covering. There is one chloroplast in each cell, disposed 
as an axile plate similar to that of Mougeotia, and containing 
several pyrenoids. In lare instances pyrenoids are absent. The 
gametes are formed iroxa the entire contents of the gametangium 
and conjugation takes place in the conjugating-tube, the mature 
zygospore occupying a position between the gametangia. The 
i^gospores are very variable in character and there are consider- 
able differences in the actual processes of conjugation, but in one 
curious fact all the species agree, A peculiar change comes over 
the empty gametangia as the zygospore is being formed; they 
become very clear and refractive, and sometimes a series of stria- 
tions become visible parallel to the transverse walls. They have 
at this stage the appearance of solidity, most likely owing to the 
deposition of annular thickenings of cellulose inside the cell-wall 
on the receding of the protoplasm during conjugation. This 
feature is noticeable not only in living specimens, but also in old, 
preserved examples. 

All the epeciea of this genim sxe of rare occurrence. D. fflyptotperma (De 
Bu-j) Wittr. is more widely diatributed than tbe others ; the celb are 9 — 15 ^ 
in Sickness oiid 6 — 15 times longer than the diameter ; the conjugatiog-tubM 

' W. 4 O. 8. Vfett in Ann. Bot. lii, 1698, t t, (. 84, 86. 
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ore often verj long and tbe sygoapore ia Urge and ellipsoidal, frequently with 
one or two mtuaillate protubemncets at the poles ; length of Ejgoep. 3B — 72 ft, 
breadth 16—40 ,i (fig. 46 A). D. lamt (Kutz.) W. & G. S. Weat is a laiger 
speciea with shorter cells, which are 20— S6 ft. ia thickness and Sj — 4 times 




Fig. 46. A, Dfbarya glyploiptrma (De Bary) Wittr., from Fairfield, Westmoreland 
(x276). B, D. TOloipora (PalU) W. & O. S. West, from Pilraoor, N. Torka. 
[x 480). C— E, D. tavU (Eiitz.) W. A O. S. West, from Mitcham Common, 
Surrey; C. x 180: D, x 250; E, mature zj^oapore, y 430. F— I, D. Detmidi- 
oidei W. A G. B. West, from near the Lizard, Gom«all [ x 430). 

longer than the diamet«r. The zj'jMrapore is ellipsoidal (44 — 50 fixSS — 36 ^) 
with a acrobiculate middle coat (fig. 46 C— E). D. calotpora (Palla) W. & 
G. S. West is 11 — 13 fi in diameter; the zygospores are subgloboae or ellip- 
soidal, 16 — i6 /I in diameter, and ornamented with large scrobiculations 
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(fig. 46 B). Pall&i placed this specias uoder a new ^^us of the CoDJugatte 
owing to the afaaenee of pyreDoids in the planta he olnerved. More reoentlj, 
however, preciaelj the Bame Bpeciea has been discovered with pifnTiouit, and 
as the latter are subject to much variabilitj their prewnce or abeence is of uo 
generic value'. The moat remarkable specie of the genus is D. Deimidioida 
W. & G. S. West^ which, up to the present time, h&a only been observed 
from CorDwaU. The celle are short, only S^ — 6^ times longer than the 
diameter And 77—8-6 fi in thickness (fig. 46 F — I). There is a most evident 
constriction between all the cells of the filaments, and the latter dissociate 
with the greatest ease into their individual cells, conjugation oolj occurring 
between the free, dissociated cells. This plant throws much light on the 
origin of the Desmidioceie. 

Genus Zygnema Ag., 1824. [Zygogonium Klitz. 1843.] The 
filaments are simple, consisting of a single series of cylindrical 
celb placed end to end, and sometimes exhibiting a slight con- 
striction at the points of junction. Each filament possesses an 
external mucous coat which is sometimes remarkable for its size 
and strength. There are two star-shaped chloroplasts suspended 
in the median line of each cell, each one containing a single 
large pyrenoid. Sometimes the chloroplasts are very indefinite, 
their form and disposition being difficult to make out. This is 
particularly the case in Z. ericetorum (Riitz.) Hansg., some forms 
of which greatly resemble species of Microspora or of Rhizoclonium. 
The coalescence of the gametes takes place either in one of the 
giunetan^a (the female) or in the conjugating-tube. Species in 
which the latter occurs were referred by Klitzing to a separate 
genus — Zygogonm-m. The zygospores are globose or ellipsoid. 

There are about a dozen British species of this genus, of which Z. ericelorutn 
(Kiitz.) HaDsg. (fig. 47 C) is the mout widely distributed. This species lives 
equally well in wat«r or on damp heaths or peaty moors, and it frequently 
assumes a purple or violet colour owing to the formation of phycoporphyrin 
ie the cell-ssp. It is an Alga which fulfils on important function on some of 
th» heaths and moora. In the drier and hotter periods of the year, thickly- 
matted sheets of Z. erictCorum, often many square feet in extent, are found 
covering wide patches of almost bare sand or peat, round such plants aa 
Drosera, C'aricet, etc. These mats of Zygnema have great absorptive capacity, 
greedily taking up water, and in this way they regulate the moisture of the 
Buifoce soil, the thriving of some of the smaller Fhanerogams depending to a 

■ E. Palla. 'Ueber eine neue, pyrenoidlose Art uad Oattuog dei Conjugaten,' 
fierichte Deutscb. Bot. QHsellHch. rii, 1B94, Heft 8. pp. 228—236, t. iTiii. 

' W. £ G. 5. West in Ann. Bot. xii, 1898, p. 49; in Journ. Bot. Aug. 1900, 
p. 269. 

' W. & G. S. West in Jonm. Bot. 1903, p. 7 (Sep.), t. 446, 1. 1—8. 
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great extent oa the presence of the Zygnema*. Z. ericetorum very rarely con- 
' jug&tes, and mature Kygoxpores, which are found in the conjugating-tube, h&ve 
only been observed on one or two occasions. The SlamentH are 15^ — 22 n in 
diameter and the cells often become irregularly thickened. 




Fig. <7. A, Zygnema itttUnum (Vanoh.) Ag.. from Cam Fell, W. Torks. { x 430). 
B, Z. Vaucherii Ag. var. utagnaU {Bass.) Kirchn., from near the Lizard, 
Cornwall ( x 430). C, Z. triretarum (EfiU.) HBaag., from Bombald'a Moor, 
W. Yorlm. ( x 416). D, Z. ttioipermitm De Bary. from Eaher Common, Surrey 
( X 430), a portion of a filament which was coiijufrating along the greater part 
of its length. E, Z. intignt (HasB.) Eiitz.. from Malham, W. yarka. ( x 330) 
F, Z. Ratfaii (Haaa.) De Bary. from Chippenham Fen, Cambridgeshire ( x 430). 



' This phenomenon ia much mote evident in some parts of the tropics, and 
attention was Sret called to it b; Welwitach in the ' Journal of Travel and Natural 
History,' vol. i, 1S68. In the damp sandy valley of the Cnanza Biver, in Angola, 
tlie Alga Porphyroiiphoa NolaTiiii oconrs in extensive sheets, closely spread like a 
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Z. peetinalum (Vauch.) Ag., Z. cruciatum (Vauch.) Ag. aud Z. itaigne 
(Uass.) Kiits. {fig. 47 E) are the three largest British species, usuallj occurring 
in ponds or in road-side ditches. The smallBst form of the geuus ia Z. Vawh- 
erii Ag. var. itagnale (Hass.) Kirchn. (fig. 47 B), the filaments of which reach 
a m&iimum thickness of 13 /i. Z. anomalum (Haas.) Cooke is a speciee 
largelj confined to upland bogs and is remarkable for ita wide mucous in- 
vestment. 

Genus Spirogyra Link, 1820. This is the beat known and 
moat abundant genus of Conjugatse, and it has a distinct preference 
for low-lying.quiet waters, 
such as those of ponds 
and ditches. The fila- 
ments are quite simple 
and occur in bright green 
flocculent masses, often 
several feet in diameter. 
The cells are cylindrical 
and they exhibit great 
variability both with re- 
gard to their diameter 
and their relative length. 
The cell-wall ia firm, with 
an outer mucous coat 
which renders the plants 
veiy slimy. In most 
species the transverse 
cell-walls are quite plane, 
but in some of the smaller 
species there is a curious 
annular ingrowth of cel- 
lulose at the ends of each 
ceIl(r»iefig.48C). When 
this is present the cells are 
said to possess " replicate ends." It is a character which is constant 
for the species in which it is found, although the ingrowths are not 

net over the toil, intergiown with small herbaceous plsnls and Hhrubs. The mat- 
like Bl»et> of the Alga eagerly absorb the almospheric moisture during deny nigbts. 
■ffording by this means a rerreahing protectiOD to the roots of luany other and 
• larger plants daring the glowing heat of the (oUowing day. Welwitaeh states that 
tba growth and thriving of the numeroaa small phanerogamoas plants in these 
pUeea ia conditional on the oo-presenoe of the Alga. C& W. & ti. S. Went in 
Jonm. Bot. 1897, p. 303. 



Fig. m. A, Spirogyra nmjiiicala KiitE., from 
Coates, Uloucei,t« rehire, single cell showing cbloro- 
plasts and nucleus ( x 300). B, Spirogyra ep., 
from Coates, GlouceBterahire ( x 370). C, S. (niui»- 
iinia(HaBB,)Kfit7..,from Mitcham Common, Surrey 
( X 390). H, nucleus. 



n,s,t,..d:,i. Google 



132 Chlorophyce(e 



rily present at the estremitiea of every cell in the filamenb. 
The nucleus is situated in the central portion of the cell and the 
protoplasm in which it is embedded is connected with the lining 
primordial utricle by numerous delicate strands. Many of these 
stranda reach the lining protoplasm exactly opposite a pyrenoid, 
and as the starch formed during cu'bon-assimilation makes its 
appearance round the pyrenoids, this fact has been brought forward 
as a reason for supposing the nucleus to have a direct function in 
starch- formation. The nucleus is often clearly visible in living 
specimens, particularly of S. majuscula Kutz. and S. pellucida 
(Hass.) Kutz. Mitotic division has been observed in this nucleus 
by Mitzkewitsch and by C. van Wisselingh, and Geraasimoff has 
observed cells with either a compound nucleus or two ordinary 
nuclei. 

The chloroplastfi are the moat striking feature of Algie belonging 
to this genus. They are disposed in the primordial utricle in the 
form of spiral bands, and they vaiy in number from one to about 
six or seven in each cell. In some species they are coiled into 
very close spirals, but in others they are practically straight and 
longitudinal ; in some, as in S. nefflecta (Hass.) Kutz., their margins 
are quite smooth and there is a regular axile series of pyrenoids ; 
in others, as in S. niHda (Dillw.) Link or S. porticalts (Vauch.) 
Cleve, the spiral bands are very broad, with serrated margins and 
scattered pyrenoids. Between these two extremes there is every 
gradation, and the character of the chloroplasts always remains 
constant for any particular species, even though the number of 
them may vary in different cells of the same filament. It has been 
ascertained by Kolkwitz^ that the chloroplasts grow in length in 
the direction of the coils by both apical and intercalary growth ; 
and therefore, as this is obliquely to the surface of the cell-wall, 
there is a gliding motion of the spiral bands through the primordial 
utricle. 

The coalescence of the gametes takes place in all cases in the 
female gametangium, which often swells up to twice its normal 
size. The zygospores may be globular, ellipsoidal, cj'lindrical with 
obtuse ends, or they may more rarelv assume the form of 
flatteneti discs ; and the middle coat of the zygospore is frequently 
ornamented with distinctive markings. 

' Eolkwitz ia Festscbr. I. Svendeiier, 1899, pp. 271— 2S7. 
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Fig. J9. AySpiroffyra nittda (Dillw,) Liak, from near Morecambe, LancaBbire ; scala- 
riform coiiJDgation between six BlamentB ( x IS), i), S, letiforniit (Roth) Kiitz., 
showiog TruBtrated attemptB at the ooQjugatioD ai tvo male cells and one 
remale oell ( >i 90). C, S. Kprieiana Eabenb. , [ram near Eeher, Suire; ( x 390). 
D, 5. inflata (Vaach.) Babenh., from near Esher, Surre; \ HhowinR lateral 
coDjogatioQ ( K 390). E and F. zygOHpores of S. vtlata Nordet., from Shipley 
GleD, W. YorkB., RenDinating imm^iately after their foimatioD and before the 
differentiation of the wall of the zygoBpore ( k 16-5). G, germination of zygo- 
spore of 5. velala after normal period of rest ( x 2i)0J. 
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There are about S4 BritiBh species of the genus, S. gracila (Haas.) Kiitz. 
being the BmoUest, with a, minimum thickuesa of about 10 /i, and S. croMa 
Kiitz. the largest, with a maximum thickness of about 150 ft. Several species, 
such aa S. tenviinma (Hasa.) Kutz. (fig. 48 C), S. gracUit (Hass.) Kiita, 
5. communU (Haas.) Kutz., S. variant (Haas.) Kiitz. and 5. nUida (Dillw.) 
Link (fig. 49 A), are abundant in every part of the Britiah Islands eicept in 
the most mouutainoua districts. S. velata Nordat and 5. ealotpora Cleve are 
notable for their beautifuUj marked zygospores. 

Plants of this genus often cause trouble in cress-beds, the 
matted masses of Spirogyra preventing the growth of the cress 
plants. 

Genus Choaspis S. F. Gray, 1821. [Sirogmium KUtz., 1843.] 
It is very doubtful if this genus should be separated from Spirogyra. 
The filaments are similar 
to those of many species 
of the latter genus and 
the chloroplasts, although 
more or less straight 
and longitudinal, are not 
straighter than those of 
Spirogyra majuscula or 
S. pellucida. There are, 
however, certain constant 
distinctions. There is a 
remarkable absence of 
the external mucous coat, 
in consequence of which 
" this is the only Conjugate 
I (Eng. Bot.) which is not slimy or 
" ^^'^*' slippery. The process of 

conjugation is peculiar. The gametangia, more especially the female 
one, become swollen and aometimes genuflexed. The conjugating- 
tubes are not distinct, but the walla of the gametangia come into 
apposition and a perforation is formed at the point of contact. 
The chloroplasts also completely disintegrate, even before the 
gametes have receded from the walla of the gametangia. The 
coalescence of the gametes takes place in the female gametangium, ■ 
Conjugation only appears to affect indiscriminately a few of the 
cells of the filament, and as these cells are usually shorter than the 
ordinary vegetative cells, they may perhaps be specially set apart 
as sexual cells, almost comparable to those which are specially cut 
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off in the Temnogametacese. Gray's deBcriptiou of Choaspis^ is 
a very good one and is twenty-two years previous to Kiitzing's 
description of Sirogonium. 



Ch. itictica (Er\g. Bot.) 0. K\aizel=SiroffOKiiimtlietieumKiitz.']is the odIj 
British apecieH (fig. 50 A — 0). The cella are 2 — 6 times longer than their 
diauieter (which is 40 — 50 /i), and there are several more or less loDgitudinal 
chloroplasta. The zygospores are ellipsoidal, about 76 /i in length and 42 )t id 
breadth. The plants usuully ooour attached ta stones over which the water 
is nioni&g fairly fast ; tbey are also said to occur in stagnant water. 

Family 2. DESHIDIACE.S. 

The plants included in this family are remarkable for their 
great diversity of form and their wonderful symmetry. Indeed, 
the group includes some of the most beautiful of microscopic 
objects. They are unicellular plants and the major portion of 
them lead a solitary existence. Certain of them are, however, 
associated in colonies and others are more or less closely united 
into long filaments. They are essentially free-floating Algie and 
frequently occur in enormous abundance in small ponds, in the 
quiet margins of lakes, and in other favourable localities. 

Most Desmids exhibit a more or less distinct constriction into 
two perfectly symmetrical halves ; each half is termed a semicell 
and the narrower part connecting the two semicells is known as 
the igthnvus. The angle resulting on either side from the con- 
striction or narrowing of the cell is known as the sinus. 

One of the most striking features of the family is the extra- 
ordinary complexity of the cell-outlines. The cell is often deeply 
lobed or incised, and the exterior of the cell-wall is frequently 
covered with granules, spines, wart-like thickenings, or other pro- 
tuberances, most of which have a definite pattern of arrangement. 
This firmer portion of the celL-wall consists chiefly of cellulose, and 
external to it are layers of gelatinous pectose compounds. The 
latter often form a thick mucilaginous coat completely surrounding 
the individual, or, as in the case of colonial forms, entirely envelop- 
ing the colony. It is by means of this mucilaginous envelope 
that Desmids adhere to other larger aquatic plants, and sometimes, 
■ when the conditions have been favourable for rapid multiphcation, 
enormous numbers of individuals occur embedded in masses of 
jelly. Sometimes the mucus is very tough. In the genus iS;joji- 
< S. F. OiVi Anang. Brit. Plants, 1631, yol. i, p. 399. 
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dytosiwn the cells are united into filamflots by raucous threads 
passing between their apposed ends, and the filamente break much 
more readily across the isthmus of a cell than at the points of 
apical attachment. 

The minute structure of the cell-wall was first studied by 
Klebs* who examined the nature of the gelatinous outer coat and 
also demonstrated the presence of pores in the cell-walL Shortly 
afterwards Liitkemllller" described the pores in the cell-wall of 
Closterium and quite recently he has published a very important 
account of the structure of the cell-wall of Desmids'. 

In a few Desmids — those belonging to the Spirotsenieffi— the 
cell-wall consists of a single layer of cellulose of homogeneous 
structure, but in the majority of Desmids it is composed of two - 
well differentiated Uyers. The inner layer is structureless and 
consists of cellulose ; the outer layer is stronger and thicker, con- 
sisting of a ground substance of cellulose through which pass 
numerous tube-like structures or 'pore-organs.' The latter are 
not composed of cellulose, and a small pore or canal runs through 
the middle of each one. The contents of these canals also traverse 
the inner layer of the cell-wall and often terminate on its inner 
sur&ce in lens-shaped or bulbous swellings. From the outer end 
of the pore-organs there often arises a delicate flower-like or club- 
shaped structure through which the canal passes. More often this 
structure is entirely wanting or is replaced by a small perforated 
button or rod. In many of the larger Desmids there are numerous, 
smaller, thread-like pores between the larger canals and only 
traversing the outer layer of the cell-wall. Outside the differen- 
tiated parts of the cell-wnll is the mass of gelatinous pectose 
compounds present in so many species, and which is secreted by 
the protoplasm and passed outwards through the pores. This 
outer gelatinous coat often exhibits a prismatic or fibrillar struc- 
ture and is frequently the home of epiphytes or of numerous rod- 
shaped bacteria. The cell-wall sometimes contains a trace of 
silica. 

With the exception of the lining primordial ntricle the 

> Elebs, 'U«betfi«weganftnDdSchleimbildaagderDesinidiMeeii,'Biol. Centrolbl. 

Bd V. iee£. 

^ LiitbemuUeT, 'Die Paren der Desmidiaceen Qatt. Closterium Kitzsch,' Oestetr. 
bot&n. ZeiUchr. Bd 41, 1B94. 

' Ltitkemaller, 'Die Zellmeinbraii der DesmidiaoeeD,' Beitr&ge tot BioL der 
FflMizen, herauBgeseben tod F. Colm, Bd Ttii, Bnalnn, 1903. 
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cytoplasm is variable in its general disposition, the variability 
depending largely on the nature and arrangement of the chloro- 
plasta. In those Desmids with laige, central chloroplaats, vacuoles 
may be absent or much reduced, and they are often confined to 
one at each extremity of the cell ; in others with parietal chloro- 
plaate lai^ vacuoles are ofl>en present in the central portions of the 
cell The general transparency of the cell-wall enables the circula- 
tion of the protoplasm to be seen extremely well, especially in the 
larger species. The nucleus is usually embedded in a small mass 
of protoplasm in the median part of the cell in the region of the 
isthmus, and in some genera is readily visible without the use of 
reagents. In the genera OontUozygon, Glosterium and Pleuro- 
> tanium, and in certain species of the genus Penium, there is a 
well marked terminal vacuole at each extremity of the cell, con- 
tainiog one or many moving granules. These granules, which 
may be quite irregular in form or of some definite shape, exhibit 
rapid vibratory movements and have in the genus Glosterium been 
shown to be minute ciystals of gypsum. Their movements cease 
immediately on the death of the protoplasm. 

If Desmids are kept living in small glass vessels for some 
time, and therefore under abnormal conditions, curious changes 
frequently occur in their protoplasm, resulting in the formation 
of large vacuoles which previously did not exist. These vacuoles 
generally contain numbers of minute moving corpuscles which 
are somewhat different in appearance from those normally present 
in the apical vacuoles of Closterium. As many as six large 
vacuoles can be noticed in a single semicell of Pleurotfenium 
corontUwm (Br^b) Babenh., each one being partially filled with 
an incessantly moving mass of minute corpuscles, which move 
freely in the vacuole and always collect towards its base. These 
corpuscles or granules are of a pale yellow colour and appear 
brown in a thin stratum ; but when present in immense numbers 
they give the Desmid almost a black appearance. Under abnormal 
conditions these moving granules are developed in numerous 
genera, such as Penium, Cosmarium, Euastrum, Micrasterias, 
Staurastrum, Arthrodeemus, etc., and at the same time the cell- 
eap in the vacuoles ofben becomes coloured violet with phycopor- 
phyrin, a pigment which occurs normally in the cell-sap of very 
few Desmids. 

The form and disposition of the chloroplasts are conspicuous 
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features of many Desmida. They may be situated in a central 
position in the cell or Bemioell, or they may take the form of 
parietal cushions or bands. In the cells of Spirotceitia, Mesota- 
n»«m, Roya, and in some forms of Oosmocladium, Omiatosygon and - 
Penium, there is only one chloroplast, and the nucleus conse- 
quently occupies an asymmetrical position. The majority of 
Desmida possess two centrally disposed (axile) chloroplasts, »yax~ 
metrically . arranged, one in each semicell, but in Pleurotasnium 
and a few species of Goatnarium, Staariutrum and Xanthidium 
there are a number of parietal, cushion-like chloroplasts in each 
semicell. The chloroplasts are veiy variable in character and dis- 
position, and many intermediate conditions are noticed between 
truly axile and truly parietal masses of chlorophyll. There cui 
be little doubt that the axile chloroplaat was the original type and 
that the parietal condition has been secondarily acquired by 
certain Pesmids. In those forms in which the cell is deeply- lobed 
or incised the chloroplasts often closely follow the cell-outlines, 
being themselves symmetrically lobed. Fyrenoids are present in 
the chloroplasts of all Desmids. In most forms one or two pyre- 
noids are present in each semicell, but in the large flattened forms 
of EunMrum and Miarasteriais, and in the elongated cells of 
Closterium, Penium, PUurotcBnium, Tetmemorus, etc., the chlo^- 
plasts usually contain many pyrenoids. In certain species, such 
as Spiroto'nia acuta Hilse and Penium subtile W. & G. S. West, 
only a solitary pyrenoid occurs in each cell. In certain genera the 
pyrenoids are commonly siibject to variation in number and dis- 
position', but in other genera they are remarkably constant. 

Under normal conditions Desmids frequently exhibit veiy 
active movements. Klebs described four phases of motion in 
certain elongated forms, all the movements being due to an ' 
exudation of mucilage, the nature and extent of which has been 
recently demonstrated in a few species by SchrSder* The net 
result is always a movement in the direction of the strongest 
.light, the longest axis of the Desmid being placed in the direction • 
of the incident rays of strong light and at right angles to those of 
feeble light. 

Vegetative multiplication takes place by simple cell-division. 



5'J, t. 
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each division occupying about a day in the smaller species and 
several days in the larger apecies. The first step in this cell-fiaaion 
is. an elongation of the isthmua, causing a slight separation of the 
-two semicells. The elongated isthmus generally becomes swollen 
and soon shows signs of a constriction midway between the two 
semicells. By this time the nucleus has completely divided and 




Fig. 51. A, Cloiterium Ehrnnbrrgii Menegh., from Olyder Fawr, N. Wales ( x 184). 
B, CI. Leiblcinii Kjitz., from near March. Cambs. (x334). C. ilicratteriat 
oteitam Balfs, var. mucronata (Diion) Wille, trom Keiry, Ireland (xlSi). 
I>, Pnrium eaeurbitinum BisB., from near St Juat, Cornwall ( x i35). E, Staura- 
ttrum Kjeimanni WUle, from 3600 ft. on Glyder Fawr, N. Wales ( x 435). 
F, Conaarima KUbiii Qiitw. (a fonn). from uear El;, Camba. ( x 435). 

shortly afterwards the constriction deepens, cutting the median 
portion into two young semicells, which usually remain in contact 
by their apices until they are practically full-grown. The orna- 
mentation of the cell-wall gradually makes its appearance on the 
young semicells as they assume the normal size. At first they arc 
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very pale in colour, but the chloroplaeta are quickly developed and 
pyrenoids soon make their appearance. All Deamids which undergo 
noinial cell-division at the region of the isthmus consist of one of 
the half-cells of tho mother and a newly developed half, but in 
certain species of Cloaterium and Penium the cell may consist of 
portions of several generations. 

Asexual reproduction takes place very occasionally by the 
formation of aplanospores. These have been seen in Spondylosium 
nitetM (Wall.) Arch.' and in Hyalotheca negUda Racib.* 

Sexual reproduction of a degenerate t3'pe takes place by the 
conjugation of two individual cells and the formation of a zygospore. 
The two conjugating cells, which in the vast majority of Desmids 
are sexually indistinguishable, approximate and become enveloped 
in mucus by a further secretion of the gelatinous pectose con- 
stituents of the cell-wall. In many Desmids the semicells of each 
individual come apart at the isthmus and the entire contents of 
the cell issue as a gamete, the latter having the appearance of a 
protoplasmic vesicle more or less filled with an irr^^lar mass of 
chlorophyll In some species a protuberance of variable size arises 
&om the isthmus of each conjugating cell, and on the fusion of the 
protuberances to form a conjugating-tube, the gametes issue into 
it. The union of the gametes results in a zygospore, which 
develops a cell-wall with three distinct layers. The inner layer is 
thin and colourless, the middle layer is brown and firm, and the 
outer layer either retains a smooth surface or becomes covered 
with variously arranged warts or spines. Sometimes more than 
two cells have participated in the formation of a zygospore, the 
latter having been formed by the union of three* or even four* 



All the filamentous Desmids dissociate into their individual 
cells prior to nonokl conjugation, with the exception of certain 
species of the genus Desmidium, and the zygospores are formed 
between the conjugating cells in all Desmids except Desmidiam 
cylindricum Grev. In this species the zygospore is formed within 
the female cell as in Spirogyra and Zygnema. 

' Wallich in Ann. Mm. Nat. Hist. va. 8, vol. t, 1860, t. rii, (. 10, 11 ; Tumor 
in KoQRl. 8v, Vet.-Akftd. Haadl. Bd nv, no. 6, t. iTJii, f. 7, 8. 

" W. * Q. 8. WcBt in Ann. Bot. lii, 1898, t. iT, f. 2S— 27. 

" WoBt in Journ. Linn. Soc. Bot. iiii, t. iilv, [. S; W. « U. 8. Weat in 
Journ. Roy. Micr. Son. 1897. t. vi, f. 6. 

* Tuner, l.o. t. z, f. 16 «. 



n,s,t,..dDi. Google 



I>e8midiaee(e 



141 



It frequently happens that conjugation takes place immediately 
after vegetative division and before the young semicella have 
arrived at maturity', and for any trace of sexuality to exist under 
such conditions, one must imagine that the physiological change 




Fig. 52. A— C, Staurarirum Dickiti ReMa; three atagea in the conjugaUoD, from 
the New Forest, Haats. (x356). D and E, Ftnium didifmocarjrum Lnnd.; 
D, ooQJagBtiou of fonr individuals just produced by diTieiou; E, completed 
. conjugstioD aboning the doable zygospore; Trom near Bnlallan, Lewie, Outer 
Hebrides (?(461|. F, Clotltritim liiualum Ehrenb., Bhowing the double zygo- 
spore, from near' Qlentics, Donegal, Ireland ( x 100). z, zygospore. 

from ■ the vegetative to the reproductive cell occurs immediately 
antecedent to conjugation. Conjugation between adjacent cells of 
filamentous species (i.e. lateral conjugation) has been observed in 

3. H. West in Jodtd. 
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the genera SpkcBrozosma and Spiyndyhsiuni, but species of these 
genera conjugate normally only after disfiociation of the filaments. 

The four Desmida Cloaterium, lineatum Ehrenb., CI. Ralfgii 
Br4b. var. hybridvm Rabenh., Gylindrocystis diplospora Lund, and 
Penium didymocarpum Lund, normally produce double Eygospores, 
and I have reason to believe in the last-named species that con- 
jugation occurs between four cells produced by two consecutive 
vegetative divisions. After carefully considering the conjugating- 
examples of this species which I have been fortunate enough to 
obtain Irom several localities, I am forced to the conclusion that 
there are two ^gospores in close approximation, each one having 
been formed by the union of a distinct pair of gametes (vide 
fig. 52 D and E). In the conjugation of the two Closterta mentioned 
above, each half-cell produces a gamete, and here again there are 
two zygospores each produced by the union of a pair of gametes, 
one from a semicell of each plant. 

The zygospore rests, for a considerable time before germination. 
The actual process of germination was first described by De Bary' 
and has rarely been observed or followed out. The two outer 
coats burst and the protoplasmic contents issue in a thin vesicle 
composed of an extension of the innermost coat. The contents of 
this vesicle divide into two, four, or eight cells, each of which 
becomes invested with a new cell-wall and gradually assumes the 
form of the adult. If the species ie oae with characteristic 
markings the first-formed cells are devoid of them, but on the first 
vegetative division the new semicells acquire the distinguishing 
ornamentation of the species. The newly formed individuals 
divide repeatedly, the first few generations showing a slight in- 
crease in size. 

Only one true case of hybridization has been observed amongst 
the Desmids and in that case the development of the zygospore 
was not followed out'. All other recorded cases of hybrids are 
conjectural ' and most of them are obviously forms produced by 
ordinary vegetative division. 

There are many strong reasons for regarding the Desmidiacete 
as a degenerate family of Conjugatffi which has originated by retro- 
gression fivm filamentous ancestors. The degeneration has brought 

' De Barjr, 'UDUrsDchungan fiber die Fam. der Conj.,' Leipzig, 1868. 

^ Archer in Quart. Joum. Mior. Soi. 1B76, pp. Hi, 416, This was a zygospora 
produced bj the conjngation of two oells, one of which wbb Euattmm Didetta (Tuip.) 
Balls And the other EuaitruiA hvmeTonim Halts. 



n,s,t,..dDi. Google 



Desmidiac6(e 143 

about a loss of the filamentous condition, accompanied by the develop- 
ment of specialized morphological charactera\ and this has gone on 
hand in band with the loss of sexual differentiation of the conjugating 
cells. It has been previously mentioned that Desmidivm cyUn- 
dricum is the only known Desmid in which the zygospore is formed 
in one of the conjugating cells (presumably the female), and the 
occasional reversion to this type of conjugation in Hyaloikeca 
diasiliens* goes fta: to prove that in all probability this was the 
ancestral type of conjugation in the Desmidiaceae. Moreover, it is 
a type of conjugation which is represented at present by the 
Zygaemesd, although amongst the Besmids its lingering remains 
are only found in Desmidium cylindricum. A few years ago I 
advocated a scheme of evolution of Besmids from ancestral fila- 
mentous forms by descent through the genus Cylindrocystis*, and 
the recent discovery of that extraordinary member of the Zygnemese, 
D^xirya Deemidioides W, & G. S, West*, is of surpassing interest. 
This Conjugate fills up the link that was. missing in the chain of 
evidence which goes to show that Cylindrocystis and Mesotwrnum, 
and following on that nearly all the other genera of Besmids, were 
naost probably derived from filamentous ancestors. There is also a 
great tendency towards the secondary assumption of the filamentous 
condition. Not only has this resulted in the production of true fila- 
mentous genera such as Spondylosium, Onyckonema, Spkwrozosma, 
Datmidiwm, etc., which had their origin from unicellular forms, but 
this tendency reveals iteelf in certain species of genera which are 
normally unicellular. Thus, filamentous forms are occasionally 
met with of such species as Cosmarium obliquum Nordat.', C. 
monili/orvie (Turp.) Ralfe, C. Regnelln Wille', Eitastnim binaie 
(Turp.) Ehrenb." and Staurastrum inconspicuum Nordst.', not to 
mention certain of the tropical Pleurotcsnia and Micrasterias 
foliacea Bail., the latter being a true filamentous form of a typically 
unicellular genus with complex cell-outlines. 

The Desmidiaceee is at the present day the family of Ck)niugates 

' W. * Q. B. TVest in Ann. Bot. sii, 1898, pp. S3, 55. 

I Boldt in B{h. tiU 8v. Vet.-Akad. Hftudl. Bd liii, no. 6, t. ii, 1. S3 ; Joehaa io 
Jonm. Bot. ix, 1892. 

■ O. 5. West in Jonrn. Linn. Soc. Bot. xiiiv, 1899, pp. 409 — 116. 

* W. 4 G. &. Weat in Jonrn. Bot. 1903, p. 39, t. *48, f. 1—9. 

* Noidatedt in Acta Uoiverti. Lund, ii, 1873. p. 23, t. i, f. 8. 

* W. <ft O. 8. West in Trana. Linn. Soc. Bot. ser. 2, v, t. it, t. 20a'. 
T W. 4 G. S. West in Ann. Bot. lii, 1B98, p. 30, t. iv, f. 38. 

■ Bdrgewn in Bot. of Fkeidei, Put I, Copenbaeen, 1901, p. 235, t. viii, f. 4. 
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which has attained a maximnTn state of specialization in the 
direction of an increase in the complexity of morphological 
characters, accompanied by degeneration of sexual differences. 
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Phytogeny of the Genera of Desmids. 



There is little question that this complexity of outline, which is so 
frequently accompanied by a defensive armour of spines and spinous 
processes, has been acquired as a means of defence against the 
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attacks of small aquatic animsla. Aft«F the loss of the filamentous 
condition it became Decessary for the solitaiy aad unprotected 
individuals to acquire some other means of defence, and presumably 
the present morphological complexity is the result. It is a notable 
&ct that those species which occur on wet rocks and in other 
localities in which Amoelue, Oligochtetes, Tardigrades, Crustacea, 
etc, are either absent or veiy scanty, especially at high elevations, 
usually poeseas a comparatively simple outline and are provided 
with a more or less abundant mucus; whereas those species oc- 
curring in deep bog-pools, in the plankton, and the quiet margins 
of deep lakes, in which localities such enemies abound, are generally 
possessed of a more complicated, and in many cases of a formidable, 
exterior. These characters acquired by the unicell are not only 
protective against the depredations of aquatic animals, but are also 
useful as anchors in the time of fioods, and in their acquirement 
the Law of Symmetry has exercised its full infiuence, with the 
result that exquisite patterns have been produced which exhibit a 
symmetry &r ahead of that shown by any other living vegetable 



There are several thousand known species of Desmids, about 
one quarter of which are British, and almost all of them can be 
readily identified by their external morphological features. Some 
are cylindrical with rounded or attenuated apices ; many of them 
are flattened and ofben disciform ; and others are of a radiating 
character. To one who is not Bu£Sciently versed in solid geometry 
there are few greater surprises than the extraordinary aspects 
presented by some of these plants. The majority of Desmids have 
three principal axes of symmetry at right angles to one another, 
and for this reason they require examining in three positions. 
The most important aspect is the front oiew, in which the plant is 
observed in that plane containing the two longest axes.' The other 
important aspecte are the vertical view and the side (or lateral) 
view (vide fig. 61 E and F). 

Desmids are subject to considerable variation, but only within 
certain limits, and one of the most extraordinaiy &cts relating to 
these plants is the constancy of the markings embelliahing the 
exterior of the cell-walL The following is a summary of the present 
state of our knowledge concerning the variation of Desmids': — 

n the DeBmidieiB and ita Bearing on their CiasBifi- 
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(1) The structure of the cell-contents is one of the most 
constant features exhibited by a species; but this &ct can be of 
little claaaificatory value owing to the very large number of species 
which possess the same structure and arrangemeDt of the cbro- 
matophores, 

(2) The outward form of the cell, as seen in front view, varies 
within certain limits, which are usually very small, but which may 
in exceptional cases (such as in pure cultures) be considerable. 
The form of the vertical view is, as a rule, a more constant feature 
than the form of the front view, 

(8) The ornamentation (acrobiculations, granulations, spinu- 
latious, etc.) of the cell-wall is relatively constant, being always 
arranged according to a definite law, which is only transgressed by 
variations in one or more of the individual component groups which 
constitute the pattern of arrangement. 

(4) The prolific growth and rapid division of immense numbers 
of Desmidfl have a tendency to produce variations from the 
typical forms. 

(5) Changes in the conditions of environment cannot affect 
the characters of a species unless they act for long periods of time. 

It is most unfortunate that so little is known concerning the 
geographical distribution of Desmids, as such a knowledge would 
probably be of much greater value than one would at first sight 
imagine. I have previously shown that the production of per- 
manent variation in species of Besmids under natural conditions 
is much more difficult than is generally supposed'; also, that some 
of the prettily marked species are found in such widely separated 
localities as Ceylon, Java, Hong Eong and Queensland, identical 
in every respect and possessing precisely the same markings*. It 
is likewise most improbable that this result has been brought 
about by a parallelism of modification in the course of the evolutioa 
of these forms, owing to the occurrence of other species with a 
world-wide distribution and equally constant characters. The 
distribution of Micrasterias foliacea Bail, is sufficient to settle thia 
point, as the plant in question is the most aberrant of all forms of 
the genus Micrasterias, having secondarily assumed a filamentous 
condition ; and yet the plants found in North and South America, 
India, Burmah, Siam, China, Australia and New Zealand cannot 
be distinguished from one another. It should also be home in 
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mind that the tnuisference by natural means of living specimens 
of any Desmid from some of these countries to any of the others 
is an utter impossibility, desiccation, or in many cases even partial 
diying, being quickly followed by death, and submergence in 
sea-water is equally latal'. Moreover, zygospores, which might 
possibly withstand the entailed vicissitudes if circumstances arose 
by which they could be transferred from one country to the other 
(such as by the long Sight of a wading-bird), are so rarely found 
that distribution by their means across an expanse of ocean is 
almost impossible. There is but one conclusion to be arrived at 
from a consideration of these facts, namely, that such a species has 
been perpetuated by isolated communities which were derived 
originally from a common stock, and that the individuals of these 
communities have retained their original characters in an extra- 
ordinarily constant manner. Thus, it seems probable that a sound 
knowledge of the distribution of Besmids would shed much tight 
on the subject of previous land-connections, and might perhaps 
afiford more reliable evidence on this point than that afforded by 
the known distribution of any other plants or animals. 

As a significant instance, it may be mentioned that several 
remarkably fine Desmids, such as Staurastrum Opkiura Lund., St. 
Arctiscon (Ehrenb.) Lund., St. jaculiferum West, St. lovgispinum 
(Bail.) Arch., St. Cerastes Limd., St. Brasiliense Nordst. var. Lundeltii 
W. & G. S. West, Micrasteriaa furcata Ag,, M. confcrta Lund., 
Pleu,r<Aa:niu'm nodosum (Bail.) Lund., and others, are not uncommon 
in the eastern parts of N. America and that in Europe they are 
only abundant on the north-western shore districts of Ireland, 
Wales, Scotland, the Outer Hebrides, Scandinavia and Lapland. 
One of these species — Staurastrum jaculiferum West— is also 
known ftxtm the Shetland Is., the Faeroe Is. and Iceland. 

Borge has examined a number of subfossil Besmids finm the 
glacial clays of the Isle of Ostland, and a few subfossil forms of 
existing species have also been noted from an ancient peat deposit 
□ear Filey in E. Yorkshire. 

Desmids thrive best in soft water, and they are most numerous 
in peaty water which has a trace of acidity. With few exceptions 
they do not flourish in water containing carbonate of lime in 
solution, and no good collection of Desmids can be made in a 
purely limestone district in which the water is hard. 
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I have attempted to give a reasonable classification of the 
genera of Desmida based upon the evolutionary scheme previously 
mentioned' and upon the recent and sound observations of 
LUtkemtlller*. It is veiy interesting to note that Lutkemiiller'a 
■ conclusions, which he arrived at chiefly from the study of the 
minute structure of the cell-wall, coincide almost entirely with the 
scheme I put forward in 1899, which was based upon a compre- 
hensive study of the external morphological features of these plwts. 

The division of Desmids into filamentous forms and solitary 
forms, such as is adopted by many writers even at the present 
time, is no longer tenable ; and such an arrangement a& that given 
by Bessey', in which he places Desmids under the three tribes 
'Deamidiese,' 'ArthrodieiB' and 'Cosmarieee,' is obviously one which 
is not based upon a careful study of the Desmids themselves 
and is therefore of no value. 

Most Desmids would appear to have had an origin from the 
genera Mesotcenium and Cyliwirocygtia, which were themselves 
derived by retrogression from aQcestral filamentous Conjugates*.- 
The genera Gonatozygon and Genicularia have so little in common 
with most other Desmids, and resemble so much some of the 
present existing filamentous Conjugates, that they must be re- 
garded as having had a distinct origin from filamentous ancestors. 
They are however, more speciaLzed than the genera Spirotcenia, 
Meaottenium or Gylindrocyatis. 

The genus Perdum is the most difficult to relegate to its proper 
place. In the sense in which this genus is generally regarded it 
undoubtedly contains many widely different plants, and therefore 
one hails with delight Liltkemlitler's suggestion that the name 
Netrium be again brought forward as a distinct genus to include 
four species which obviously form a natural group. On the removal 
of these four plants from the genus, the remainder do not fit 
satisfactorily into any one place in the scheme of classification, 
and the difficulty lies in the fact that our knowledge of the plants 

1 O. S. West in 3ama. Linu. Soc. Bot. ixxIt, 1899. 

■ Liitkemiiller in Beib&ge xar BioL der Pflaiiieo, herauagegeben von Dr ¥. Coba, 
Bd viii, BresUu, 1903. 

' BeBBey in Traoa. Amer, Micr. Soc. xxii, 1!I01. 

* Hftd these genetn originated directly from Flagell&M (orms, it is scaroelj 
conceivable that the motile condition would not be frequently cevected to; in loct, 
it is renaonable to eappose that it woald play a conBideroble part in the life-hiatorj 
of theK AlgiB. Such ji the cate in ali ffroupa of Alga villi a direct FlageliaU 
anceitry ; and the entire absence of motile forme of any deacripCion from the 
DeBQiidiaceie lends strong support to the visw put forward from other ooaiideia- 
tiona, of the origin of this family of nnicellB by retrogiesaion. 
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is too scanty to allow of splitting them up into a number of aeparate 
genera. One cannot see how, in the present state of our know- 
ledge, such genera could be defined, and yet some of these plants 
are certainly not nearly related. The plant commonly known as 
Penium minutum (Ralfe) Cleve is the moat puzzling of all. 

I have accepted the two sub-&milies proposed by Llitkemiiller 
and also his five tribes, but have placed the " Qonatozygie " first 
and altered the definition of the " Peme»" in order to include the 
heterogynous collection of Desmids embraced in the present genus 
Penium. 

The following is a synopsis of all the known genera of Desmids, 
four of which {lefUhyocercua, Triploceras, Fhymatodocis and Strep- 
tonema) are exclusively tropical and one (^Ancylonema) is exclusively 
arctic 

Sub-fomily I. SACCODERH£. 

Cell-irall unsugmented and without pores. Point of division of cells 
.indefinite aod unknown previous to the actual division. The youug half of 
the cell is developed obliquely and its walls are absolutelf continuous with 
the walls of the older half. 

Tribe 1. Qonatosygs. Cells elongate, cylindrical and unconstricted, 
farming loose filamenta. Cell-wall with a differentiated outer layer of which 
the small roughnesses and spines form a part 

* Chloroplasts axile 1. Oonatoa/e/on. 

*" Chloroplasts parietal and spirally twisted ... 2. Oenicularia. 

Tribe 2. Splrotmiien. Cells solitary, relatively short and mostly un- 
constricted. Cell-wall a simple sac, without a difTerButiatod outer layer. 
The cell becomea adult by periodical growth. 

* One chloroplaat in each cc!L 

t Chloroplaat aiiirally twiated, aiile or parietal 3. Spirvtcenia. 
tt Chloroplaat plane, aiile. 

§ Cells solitary 4. Metotcfniuin. 

§§ Cells forming short filaments f>. Awyloneraa, 

•" Two chloroplasts in each celL 

t Chloroplasts atar-shaped, radiating from a 

central py ran oid 6. CylindrocyitU. 

ft Chloroplastfi ridged with longitudinal 

serrated ridges 7. Netriwn. 

Sub-family II. PLACODEBM^. 
Cell-wall segmented, with a differentiated outer layer. Cell-diviaion follows 
a filed type, with the interpolation of the younger halves between the old 
ones. The younger portions of the cell-wall are joined to the older iwrtions 
by an oblique surface. 
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A. Point of diviaion of cells variable or sumetimes fixed (at the isthmus). 

Tribe 3. Penlete. Cells of moderate length, straight, cylindrical, some- 
times with a slight median oonatriction. Cell-wall with or without poies. 
Point of division of cells oflien variable. The cell often arrives at maturity 
by periodical growth. 8. Peniuin. 

Tribe 4. OlosterlwB. Cells elongate, generally curved ; symmetrical in 
one longitudinal plane only. Cell-wall commonly with pores. Points of 
division r^ularly placed in the middle region of the cell 

* Cells almost cylindrical, scarcely attenuated. 

Chloroplast single, without apical moving 

gronnlea 9. Roga. 

** Cells strongly attenuated towards each ex- 
tremity . Two chloroplaata in each cell, 
with apical moving granules 10. Clotterium. 

B. Point of division of cells always toed (at the isthmus). 

Tribe 5. OoBmatiMB. Cells exhibit great variety of form, and the cell- 
wall consists of two thin, firm layers with pores. There is no periodical 
growth, the cell becoming adult immediately after division by the mature 
growth of the young aemicell. 

a. The point of division of the cell, where the new and old pari» of the 
cell-wall are obliquely fitted together, remains plane during division. Solitary 
or colonial. 

* After division the cells remain free and solitary. 

t Cells elongated and cylindrical ; constriction slighi 
I Apices of cells truncate or rounded. 

\ Base of semicells plicate 11. Docidium. 

\\ Base of semicells plane 12. Pleurottxaium. 

§§ Apices of cells cleft, incision open or narrow. 
{ Cell-wall adorned with rings of 

furcate proceaaea 13. Triplocera*. 

XX Cell-wall plane. 

Apical incision widely oijen, 
each apical angle furnished 

with a spine 14. Ichthgocereua. 

®® Apical incision narrow ... 15. Tetniemorat. 
+t Cells relatively short, commonly compressed or radiating, con- 
striction usually deep. 
§ Cells compressed (at right angles to the plane of the front 
view) ; from the vertical view fusiform or elliptical. 
X Cells generally with an apical in- 
cision and a ceotral protuber- 
ance, moderately lobed 16. Euailrum. 

XX Cells very compressed and deeply 

lobed or incised 17. Micrasteriat. 

XXX Cells with a more or less entire margin, often fur- 
nished with warts or spines. 
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CellB commonlj' with h ceotral protuberance. 
H Cell-wollsmooth, granu- 
late, verrucose, etc. 
Central protuberance 

present or absent 18. Cotmarium. 

irir Cdl-wall with regularly 
arranged spiuea, com- 
monly in pairs. Cen- 
tral protuberance al- 
ways present 19, Santhidwm. 

00 CellBwithoutacentral pro- 
tuberance; angles apinate 20. 4fthTode*m\u. 
§§ Cells from the vertical viev com- . 
monly radiating, triangular, quad- 
rangular, or up to 11-radiate, rarely 

fusiform 21. Staunutrum. 

** After division the colls remain attached to form colonies. 

f Colonies spheroidal; cells not in contact, but joined by gelatinous 

§ Gelatinous bands narrow; few cells 

forming a microsnopic colony 32. Cottnncladittm. 

§§ Gelatinous hands very broad; many 

ceils fonuing a macroscopic colony 23. Oocardium. 
++ Colonies thread-like; cells attached by their apices to form 
long filaments. • ^ 

§ Cells attached by special apical processes. 

X Apical processes very short 24. Sp/ueroiotma. 

XX Apical processes long and over- 
lapping the apices of the ad- 
joining cells 25. OnycAonema. 

§§ Apices of cells plane and flat. 
X Cells deeply constricted. 

® Collsinvertjcalviewelliptical 26. Spondylosium. 
© ® Cells in vertical view quad- 
rangular with produced 

angles 27. Pkymatodocu. 

JJ Cells very slightly o>nstrict«d... 28. ByaUttkeea. 
b. The {>oint of division of the cell, where the new and old parts of the 
cell-wall ore obliquely fitted together, develops a girdle-like thickenii^ or 
ingrowth, which projects both ways into each of the old semicell^ during 
division. Cells attached to form thread-like colonies. 

• Cells joined by special apical processes 29. Streptonema. 

•• Cells joined by their flat apices or by flattened apical projections. 
+ Cells short, in vertical view fusiform, trian- 
gular or quadrangular (rarely circular 

with produced angles) 30. Detmidium. 

tt Cells elongate, cylindrical 31, Qynwozgga. 
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Sub-femily I. SACCODERMi. 
This is a very natural group of Desmids in which the cell-wall 
I unsegmeuted and destitute of porea. There is no line of de- 
marcation between the 
newer aemicell and the 
older semicell, the cell- 
wall being absolutely 
continuous. Division 
takes place at no fized 
part of the cell (except 
in a few species of 
Cylindrocy8tia)«DA the 
young semicells are 
developed obliquely, 
gradually sliding away 
&om one another as 
they reach maturity. 

Tribe 1. GonatozygiJB. 

This tribe only 
includes two genera 
which are considerably 
removed from other 

' Desmids. The cells 
are long and cylindri- 
cal, and are joined by 
their apices into fhigile 
ii laments of variable 
length. The filaments 
easily break up, but 
this in no way inter- 
feres with the life of 
the individual cells. 
Conjugation only takes 
place between cells 
which have become 
free. The cell-wall is 

layer being hyaline and 




Fif[. 63. A and B, Qonatotygon Brlbittonii Da 
Bory (x464); A, fmm Esber CommoD, Surrey; 
B, from Strensall, N. Yorks. C-E, G. Itribtaonii 
var. lave (Hilse) W. & Q. 8. West, from Mickle 
Fell, N. Torka («BB6|. F and O, C. BrfbUionii 
var. ntinuliim W. A U. B. West, from Biccall 
Common, E. Yorka. ( x 464). H, r.jRospore of 0. 
ynanoUenium Be Bar? ( x 464). 1 and J, Gtnicularia 
fipirotania DeBiiry, [rom near the Iiizard, Cornwall; 
I, vegetative cell ( x 812) ; J, zygoapore ( x 230). 

differentiated into two layers, the inner 
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stnictUFeless, the minute promiiiencea or small spines characteristic 
of most of the tribe forming a part of the outer layer. 

Oenus Oonatozygon De Baiy, 1853. The cells are cylindrical 
or narrowly fusiform, 10 — 20 (rarely 40) times longer than the 
diameter, and without any constriction. The apices are occasion* 
ally subcapitate and always more or less truncate. The apical 
attachment of the cells is very slight, the least disturbance causing 
a general dissociation of the filament. The cell-wall is rarely 
smooth, being usually covered with minute, sharp prominences or 
short spinea There are generally two axile chloroplaste in each 
cell (rarely only one), each of which is rather narrow, undulated, 
sometimes twisted, and contains 4 — 16 equidistant pyrenoids. 
Occasionally an apical vacuole containing moving granules is 
present at each end of the cell, beyond the limit of the chloro- 
piaats. On the formation of the zygospore the conjugating cells 
frequently become geniculate. The zygospore has a smooth outer 
coat. 

There an five British species of the geuus, of which G. monobxaium De Bar; 
{0. Ralfiii De Bary] and O. Brtbittonii De B»ry [? Docidiwn atperwn Brtb.] 
(fig. 53 A and B) are the most abundant. Smooth varieties of both these 
species are known and O. Kinahani (Arch.) Babenh., which is the largest 
species of the genus (length of cell 189 — .176 fi ; breadth 11^14 fi), is alwajs 
smooth. The smalloMt form is O. Br^bUtonii rar. mimUurn. W. & Q. S. 
West (fig. 63 F and Q), which has a length of 47-5— 6T-5 /i and a breadth of 
4-2—7/.. 

Genus Qenicularia De Bary, 1858. The cells are similar in 
form to those of Gonaloiygon, being cylindrical, elongate, uncon- 
stricted and with truncate apices. The filaments are extremely 
fragile and the cells always become free previous to conjugation. 
The zygospore is globose and smooth, and the conjugating cells 
become geniculate. The cell-wall is rough on the exterior almost 
exactly like the cells of Gonatozygon monotxenitim. There may be 
two or three parietal chloroplasts in each cell, disposed as spiral 
bands or rarely somewhat irregular. Each chloroplast contains a 
number of pyrenoids. Genicularia is one of the rarest known genera 
of Desmids. 

Q. Spirolania De Bary haa only been found in the British Islands from 
Coniwall and the Shetland Is. ; length of cells 200 — 400 /i, breadth 20—25 ^ 
diam. lygoep. 48— B7 fi (flg. 03 1 and Jl. O. eltgani W. & G. S. West is a 
more slender species in which the chloroplasts form laxer spirals ; length 
303 — 427 li, breadth 14 — 16'3 />. It is only known from the p]ankt4>n of Loch 
Fadaghoda, Lewis, and of Loch nan Eun, N. Uist, Outer Hebrides. 
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Tribe 2. SpirotaBniece. 

In the British genera of this tribe the cells are solitary, 
relatively short and uacoDBtricted (with the exception of a few 
species of CylindrocysHs). The cell-wall has no diflferentiated 
outer layer and is quite smooth. The individuals reach the adult 
condition by periodical growth, chiefly in length. 

Genua BpirotBenla Br^.. 1848. The cells are straight or very 
slightly curved, oblong-cylindrical or fusiform, and frequently 
enveloped in mucus. There is no median constriction and the 
apices of the cells may be rounded, truncate, subacute or very 
acute. There ia only one chloroplaet in each cell, which may be 
band-like and parietal, or axile and cristate, and is always spirally 
twisted to the left. The nucleus is generally asymmetrical, and 
the cell-wall is smooth and structureless. The genus is divided 
into two sections; in sect. 1, Monotofniew Rabenh., the chloroplaat 
is a parietal band spirally arranged round the inside of the cell- 
wall ; in sect. 2, Polytatniew Rabenh., the chloroplast is asile with 
a variable number of spirally twisted ridges. There may be one 
or many pyrenoids in the chloroplast. 

There are fourteen British Hpecies of the genus, none of which is common. 
S. cottdtnsata Breb. (fig. 54 A ; length 150—270 fi, breadth 18—27 ft) is the 
largest and most widely distributed, and S. clotteridta (Brdb.) Arch, ia the 
(tmalleBt (length 135 ^, breadth 4S — 4-6 fi). They are &11 very delicate, with 
thin cell-walla, and most of them con only be identifled with certainty from 
living H]iecimenH. The zygospores of few of them are known and they are 
rarely met with ; the outer layer of the wall of the zygospore is usually 
ornamented. Most of the species occur in peat-bogs. 

Genus HeBOteeniam Nag., 1849. The cells are cylindrical or 
subcylindrical, generally straight or slightly curved, and are with- 
out any trace of a median constriction. The apices are, as a rule, 
broadly rounded. The chloroplast, of which there is usually only ' 
one in a cell, is a flattened, axile plate extending from end to end 
of the celt, and there may be one or several pyrenoids. Sometimes 
there are two flattened chloroplasts. The cells often contain 
numerous globules of an oily nature. 

There are ten British species of the genus, seven of which occiu- as 
mucilaginous masses amongst mosses and hepatics, generally on wet rocks. 
The largest of these is Jf. De Oreyi Turn. (fig. 54 U; length 74—125^; 
breadth 15-5 — 30 fi) and the smallest is M. maa-ococciim (Kiitz.) Roy & Bias. 
var. micToooceum (Kuti) W. & G. S. West (length 13-6— 15-3 ^j breadth 
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8'6 /t). if. caldariorum (Lagerh.) Hanag. is an attenuated species which 
occim in greeDbouses, formiDg a thin mucilaginous stratum on damp nails, 
etc. (length 27— 46 ;i ; breadth 10-5— 11-6^). M. Endliekerianum fiHg. is the 
moat frequent of the free-floating forms (length 25 — 27 fi ; breadth 8-5 — 9'6 fi), 
and M. purpureum W. & G. S. West and M. violatcent De Baty contain 
phycoporphyrin. The zygospores of specieB of this genus are generally poly- 
hedral with thick brown walls. 



1.1 




Fig. G4. A, Spirotaaia condeniata Br^b., from BhiconJch, Sutherland ( x 834), 
showini! parietal chloroplaal. B, Sp. obicara Balfe, from Terringlon, N. YorkB. 
( X 435), ibowing the axile, orietate chloroplaiL C, zygospore of Sp. tnmcata 
Aich. I X 260, after Aroher). D, Maotanium De Greyi Turner, from near 
Settle, W. Yorks. ( x 435). B and F, M. macrvcoccum (Kiitz.) Roy A Biss., 
from near Oiggleswick, W. Yorke. ( x 'i3i). O, zy)i;oBpoie of Af. tktamydoiporam 
De Bary, from Mayo, Ireland (x334). H and I, Cylindrocyitu Bribiiiimii 
Uenagh., from Helvellyn, Westmoreland j H, vegetative cell: I, zygospore 
( X 435). J, Cyl. dxplotpora Lund., Irom Oalway. Ireland ( x 435). K, Ifetrium 
Digittu (Ehrenb.) Itzigah. & Bothe, from Moel Sisbod, N. Wales ( x 43S). 

GteDus CylindrooyBtis Menegh., 1838. The cells are straight 
and cylindrical, averaging twice longer than the diameter, and 
they may or may not possesa a slight median constriction. The 
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apices of the cells are generally rounded or truacately rounded. 
There is a single axile, eubstellate chloroplast in each senucell and 
in the centre of each chloroplast is a large pyrenoid. The radiating 
prolongations of the chloroplast vaiy in number in the different 
species, and often become flattened against the interior of the 
cell-wall. 

The moet abundant species is G^, Bribiuonii Menegh. (length 43 — S5 ft ; 
breadth 16 — 18 ;i, fig;. 54 H and I) which occurs in quantitj in upland 
Sphagnum-bogs and in peatj pools. It Bonietimee occurs in pure maBSea both. 
amongst Sphagnum and on wet peat. Cyl. eroMa De Bary also oocutb in 
Sphagnum-begs and amongst other Algra and mosuee on wet rocks. Cyl. 
diplotpora Lund, prefers the waters of lakes and quiet pools, and is a much 
rarer plant ; one form of it — var. major West — is the largest member of the 
genus; length 103 — 114 ft; breadth 48 — &4 fu 

Genus Netriua (Nag., 1849). A genua with straight, cylin- 
drical, oblong-cylindrical or fusiform cells, and without any median 
constriction. The chloroplasts are two (in one species four) in 
number, one (in one species two) in each semicell ; each chloro- 
plast is axile with about six radiating longitudinal plates. These 
plates are deeply notched aJong their &ee edges in all except 
Netrium, interr upturn. There are several pyrenoids in each chloro- 
plast, generally small and scattered. The plants placed in this 
genus are excluded from the Placodenn Desmids, and therefore 
from the genus Penium, on account of the structure of their cell- 
wall, which is unsegmented, without pores, destitute of a differen- 
tiated outer layer, and quite smooth. 

N. Digitus (Ehrenb.) Itzigah. & Rothe is one of the most abundant 
Desmids of elevated boggj moorlands and varies much in form and size; 
length 130— 387 fi; breadth 40— 82,i; fig. 54 K. JV. oUoTiffum (De Bary) 
LUtkem. occurs in Bimilor situations but is not quite so frequent ; length 
96—135 fi ; breadth 32—33 f ^- interruptwn (Br^b.) LQtkera. is cylindrioal 
with obtusely conical apices, and each chloroplast is transversely segmeDtod, 
so that there are four chloroplasts in each cell arranged in on oiile series. Id 
this species the free edges of the plates are not notched ; length 2S0 — 320 fi ; 
breadth 37—64 ^ 

Sub-fomily II. PLACODERM^. 
This group includes the great majority of Desmids and ia 
characterized by the segmented cell-wall with its differentiated 
outer layer. The cell-wall usually possesses pores, but this is not 
invariably the case. There is always a very distinct line of demarca- 
tion between the old and new semicells, the younger portions of 
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the ceU-wall not being cootiDuotis with the older portioos, but 
joined to them by a narrow, oblique or bevelled surfeee. The cell- 
diviaion is of a fixed type, taking place strictly in the manner of 
previous cell-divisions, and the youQger semicells are interpolated 
between the older ones. The sub-family can be divided into two 
sections, one of which includea those Desmids in which cell-division 
does not always take place at a fixed point and those in which it 
does always take place at a fixed point known as the isthmus. 

A. Point of division of cells variable or sometimes fixed 
at the isthmits. 

Tribe 3. Peniece. 

This tribe only includes one genus, in which the cells are 
solitaty, of moderate length, straight and generally cylindrical. 
Sometimes, but not always, there is a slight median constriction. 
The points of division are often variable, although the actual cell- 
division is of the same type. The cell-wall may be with or without 
pores, and the cell often grows periodically until it becomes adult. 

Genus Penliun Br4b., 1844. This genua is difficult to strictly 
define, as it undoubtedly contains many species which will ulti- 
mately have to find a resting-place elsewhere. The cells are 
straight, cylindrical, subcylindrical, ellipsoidal, or fusiform, and the 
apices may be rounded or truncate. The vertical view is always 
circular. The inner layer of the cell-wall is in many forms orna- 
mented with striations, punctulations or granulations, but in others 
the cell-wall is quite smooth. There is one axile chloroplast in 
each Bemicell, with radiating longitudinal plates which have the 
&ee margin entire. The pyrenoids are one or many and unieeriate. 
Sometimes there is a prominent vacuole near each extremity of 
the cell containing moving granules. 

There are about 27 Britieh apeciee of Pemtim, of which P. Zibelluia (Focke) 
Nonlst. {leugth 250—354 ^ ; breadth 38—51 ^ ; fig. 65 D) ia one of the largest 
and most strikiiig. P, margaritaceum (Ehrenb.) Br»5b., P. Cylitidrut (Ehrenb.) 
BnSb. (fig. 55 A and B) and others, are granulated specieu, and P. tpirottriolatma 
Barker (length 123—274 ^ ; breadth 23—26 /i ; fig. 55 C) is a speciea with spiral 
striations on the cell-nail, which oft«n anastomose or become broken up into 
■ dot-like thickenings, P, polymorpffam Pertj (length 55 — 58 ft ; breudth 26 — 
27 fi) is one of the most general of the upland, niuorland species, and some of 
the smalleat Bpeciea of the genus are ^, inconipiouum West (length 14'5— 19 fi ; 
breadth 6—5-7 ^), P. minatuiimum Nordst. (length 12-2- 13^; breadth 
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6-8— 7-3 ;i) and P. tuboctangulare West (length 10-7— 11-5 /i; breadth 6-B — 
In; fig. 65 E). The cell-wall of many of the species is of a yellow or reddish- 
brown colour, F. »iin;i(utn 
(Ealfa) Cleve is relatively the 
longest speciea of the genus, 
but should, perhaps, be rele- 
gated elsewhere. 

Tribe 4. CloateriecB. 

The cells are elongate, 
generaUy curved, and usu- 
ally attenuated towards 
each extremity. There is 
no trace of a median con- 
striction and the plants are 
circular in transvei^ sec- 
tion. The points of division 
are always in the middle 
region of the cell and the 
cell-wall usually possesses 
pores. The cells are only 
syrametrical in one longi- 
tudinal plane. 

Genus Roya West & 
G. S, West, 1896. This 
genus was named after the 
late Dr John Roy, who first 
pointed out the differences 
■ between those plants which 
are now included in it and 
species of Glosterium. The 
cells are elongate, cylindri- 
cal, very slightly curved and 
scare elyattenuated towards 
the poles. There is only 
one chloroplast which occu- 
pies almost the entire cell- 
cavity. It extends towithia 

ery short dist 




Fig. So. A and B, Fenium Cylindmi 
(Ehrenb.) Br^b. ; A, from Loch Minoocb, 
Kirkcudbright; B, zygoBpore from Thurelej 
Common, Surrey ( x 474). C, P. ipiroitrio- 
(alum Barker, from Kerry, IreUnd ( x 474). 
D, P. LibtUula (Focke) Nordst., from Bowness, 
WesCmorelftDd ( x 200). E, P. laboctaiuiulare 
West, with KjgoBpore, from Killaruey, Kerry, 
Ireland ( x 365). F, J*. cuHum Brtb., from 
Grimspound, Devonshire ( x 474). Q and 
H. Poya obtiuia (Br£b.) W. Si G. 3. West 
Tftr. montana W. & G. S. Weat, from BaUdon 
Moor, W. YorkB. ( x 570), I, R. Cambrica 
W. 4 O. 8, West, from Llyn Ogwen, N. WaJe 



ties are convex. In the 
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median portion of the cell there is a slight lateral excavation in 
the chloroplast for the lodgement of the nucleus, which 13 thus 
asymmetrical. There are from four to thirteen pyrenoida in the 
chloroplast, arranged in a single aeries. The cell-wall is relatively 
thin and without pores. 

The genus is readily distinguished &om Closterium by the 
absence of any marked attenuation towards the apices and by the 
single chloroplast with convex extremities, the latter being in 
such close proximity to the ends of the cell that there is no room 
for an apical vacuole. The lateral position of the nucleus is also 
characteristic. 

There are only three species of the genus, &11 of whioh occur ia Britain. 
ft. obtUM (Br&i.) W. & a. S. Weet (and its var. montana; fig. 55 a and H) 
ia not an uncommon DeHtnid in mountainous districts; length 48 — 117 ^; 
breadth SS— 12-5 ft. R. Pteudocloiterium (Boy; W. k G. S. West is a very 
narrow species of rare occurreDce ; length 9S— 192 fi ; breadth 2'6 — 3 fi ; 
fig. 56 J and K. R. Cambrica W. & O. S. West is only known from N. Wales ; 
length 173—177 ft; breadth 6-2— 67 /i; fig. 65 I. 

Genus Closterium Nitzsch, 1817'. The cells are elongate, 
generally distinctly curved, and often markedly lunate or arcuate. 
In most cases they are strongly attenuated towards the poles, the 
latter being obtuse, truncate, rostrate, or drawn out into long 
needle-like points. In moat of these plants the cell-wall possesses' ■ 
pores and in a lai^e number of species it is striated, the striations 
being internal thickenings of the cell-wall running from pole to 
pole and disposed at regular intervals. The number and strength 
of the striations varies very much in different species of the 
genus. There are two chloroplaats, one in each seraicell, and 
there may be one or many pyrenoids in each chloroplast. The 
extremities of the chloroplasts are concave and they do not reach 
the apices of the cell, thus affording room for prominent apical 
vacuoles which contain one or many moving granules of variable 
size and shape. In those species in which the apices are greatly 
produced the chloroplasts do not extend into the prolongations, 

' The name "Arthrodia" (Raf. in Desv. .Tourn. 1813, i, p. 235) oannot posaibl; 
be utilized as a generic name in place of Clotltriiim. BafioeBque'B diagnoBiu 
applies equally to AnkUtrodtimui, Ptnium, Docidium, Pleurot<eniitm. CtjUndrocyitit, 
•od Telmaimna. Nordstedt {ia Hedwigia 1893, Heft 3, p. 148) has clearly pointed 
oat that "Arthrodia" must always remain a " genua ignotum " aud a "nomendelen- 
dum." The same authar'a remarks should slso be ooneulted cancerning "Gygt» 
Bhreeb.," "Helierelia Boij," '• Uriijulla Turpin," "Prolifera Vaach." and "Con- 
jugata Tanoh." 
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and the apical vacuoles are often correBpondingly lengthened out. 
The chloroplasts are similar in form to those of the genus Peniutn, 
consisting of an axile mass with more or less distinct longitudinal 



Fig. 66. A, Clotterlum aeenuum (Scfaraak) Ehrenb., from Olen 8hee, Perthshire 
(>t200). B— D, CI. itriolalum Ehrenb., from Frenahtm, Surrey j B uid C, 
oDtlinea, xlSo; D, v260. E, C2. oculunt Br£b., from Sligachftn, Skje (x 471). 
F, Cl.parvulam Nag., zygospore, from Eeher WeBt-eiid CktmmciD, Sarrey ( x 474). 
O, CI. rotlratuin Ehrenb. var. breriroitTatum West, zygoapote, from Wimbledon 
Common, Surrey ( x 200). 

ridges. In CI. acuium Br^b. and several others there are no 
longitudinal ridgea. 

The curvature of many of the species of this genus is very 
constant and may be utilized as a specific character. In stating 
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the measurementa of a species, the diameter acroas the middle of 
the cell should be given, the distance between the apices, and the 
curvature of the outer margin expressed in degrees of arc. 

The zygospores are generally globose and smooth, but the 
spherical zygospore of Gl. calosporum Wittr. is furnished with 
conical papillatious. The zygospores of certain species, such as 
CL rostratum Ehrenb. (fig. 56 Q) and CI. Kiltzxngii Br^b., are 
flattened and quadrate with truncate angles; that of CI. Venus 
Ktltz. is also angular and sometimes twisted. 

There are about 60 British species of the genua, of which Gl. turgidum 
Ehrenb. (length 476— 640/i; breadth 43 — 80/i) is the largest and Cl.piaillum 
Eimtzae^ var. numolithum Wittr, (length 29-8 — 40-4 n; breadth 7-5— 8-6 /*) 
the Btuallest. CI. aciculare Tufien West and C.pnmum Br^b. are the most 
elongate specieu of the genus, and (»rtaiu fonuB of CL acutum Br^b. (fig. S6 E) 
are the murowest The commonest and moat widely distributed species are 
CI. panmlum NSg. (fig. 56 F), CI. Venvi KUtz., CI. LeiUeinii KUtz. (fig, 51 B), 
a. mtmili/erum (Bory) Ehrenb., C?. Ekrenbergii Menegh. (fig. 51 A) and CI. 
tuxrotain (Schrank) Ehrenb. CI. gracUe Brdb. ia often abundant in Sphagnum 
bogs. The commonest striated species are Ct. ttriolatum Ehrenb. and CI. 
rottratnm Ehrenb. 

LiitkemilUer bos divided the genuH— and I think quite correctly— into two 
groups, the first one being characterized by the possession of an elongated 
median girdle, which is an intercalation of a cylindrical piece of cell-wall 
resulting from a growth to maturity subsequent to cell-division. The second 
group is characterized by tfae abs«ice of this girdle, the two daughter-cells 
becoming adult immediately after cell -division. 

B. Point of division of cells always fixed at the isthmus. 

Tribe 5. Coamariew. 

The great majority of Desmids are included in this tribe and 
amongst them there is great diversity of form and size. They are 
solitaiy or filamentous, or grouped in spherical colonies, and most 
of them possess at least three planes of symmetry. The cell-wall 
consists of two thin, very firm layers, with pores, and is frequently 
ornamented with spines, warts and excrescences of all kinds. 
There is no periodical growth, the cell becoming adult immediately 
after division by the mature growth of the younger semicell. 

Series a. The oblique junction of the new and old halves of 
the cell-wall (at the region of the isthmus) remains quite plane 
daring division. The plants are solitary or colonial. 

w. A. 11 
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Geous Docidium Bi^b., 1844 ; em. Lundell, 1871. The cells 
are comparatively small, elongate, straight and 
slightly constricted. They are subcylindrical 
with an inflation on each side of the constric- 
tion, or nodulose from pole to pole. The base 
of each semiceil is plicated and there is a 
small basal granule under each plication. The 
basal plication of the semicells is the principal 
point of distinction between this genus and 
/ \ PleurotcBnium. The apices of the cells are 
; ^ jfWSj always truncate and smooth. There is a central 

chloroplast in each semiceil, very irregular' in 
form, and containing an axile row of pyrenoids. 
The zygospores are unknown. 

There are three British species, of which I>. Baculum 
Br^b. is the oulj one that is widely distributed, and 
even it ia diatinctly rare; length 167—262^; breadth 
at basal inflation of semicelli^ 12 — 13 /i; lig. 57 A — C. 
/>. ttndulaium Bait, is restricted to the western 
districte of Ireland and Scotland, and tbe aemiceUs 
have a nodulose appearance caused by repeated shallow 
constrictions from base to apex ; length 187—262 fx ; 
breadth at basul inflation of semicells 13 — 16 ft; tig. 07 
D and £. 

Genus Pleurot»ninm Nag., 1849. The 
celts are elongate, straight, and slightly con- 
stricted. They are cylindrical, with or without 
inflations on either side of the constriction, or 
they may be nodulose along their entire length. 
They are slightly attenuated towards each pole and the apices 
are usually truncate, often being furnished with a ring of conical, 
tooth-like projections. There is no basal plication of the semi- 
cells. The chJoroplasts are disposed as longitudinal, parietal bands, 
several in each semiceil, and are furnished with a number of 
pyrenoids. Sometimes they become broken up into numerous 
parietal pieces, each containing a single pyrenoid. In most of the 
species the central portions of the cell contain large vacuoles and 
occasionally numerous moving granules are observed in the terminal 
or subterminal ones. These granules are of a yellow colour and 
black when seen in mass, difi'ering in this resjrect from the moving 
granules normally present in the genua Closterium. They are 



Fig. 67. A— C,Do- 
cidiwaBacalum Br^b. , 
froni Bownete, West. 
moreland; A, x SIS; 
B, bane of semiceil, 

X 830 ; C, basal I'iew 
of semioell. x 630. 
D and B. D. undu- 
lalum Bail, from 
near Ougbterard, Gal- 
way. Ireland ; D, 

X 316 ; E, base of 
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produced mostly by pathological conditions. Zygospores of few 
species are known ; they are globose and smooth. 





Fig. 69- Tetmamma granulatut 
(Biiib) Baits, from Lough AnDa, 
Donegal, Ireluid. A, front view ot 
cell; B, zygospore (x 313). 



Fig. 68. A, Pleurotanium coroitatum 
(Br«b.) Rabanh., from Holvellyn, V/eO- 
noreluid ( x 236). B, zygospore of PI. 
Ehrenbergii (Br4b.) De Bary, from 
Thnreley Common, SnrMy {x316). 

Species of this genua are much more abundant in the tropica than in 
temperate Kgiona, and the tropical species frequently assume a secondary 
filamentous condition. Only nine species are known as British, of which 
PL maximum (Heinach) Lund, is the largest, reaching a length of 852 n and 
a diameter of 54 ^ The most abundant species is PI. Ehreiihergii (Br^b.) 
De Bary; length 240-^00 ji; breadth 18— 24 p; fig. 58 B. PI. Trabecuia 
(Bhrenb.) Nag. and PI. truncatum (Brcb.) Nag. are each widely distributed. 
PI. nodomfm (Bail) Lund, m the moat striking species and is confined to the 
wefit«m districts of Wales, Ireland and Scotland. 

Genus TetmemoniB Balfe, 1844. This is a well-marked genua 
with straight cells of moderate length, slightly constricted in the 

11—2 
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middle and deeply cleft at each apes. The cells are usually 
attenuated towards each pole and the apical cleft or incision is 
tightly closed. There is a central chloroplast in each aemicell 
with a single axile row of pyrenoida. The zygospores are globose 
and smooth, or subquadrate with rounded angles. 

There are only four British species, T. grantdatu* (Br^b.) Ralfs (leogth 
138—838 ^; breadth 30—46 ,•; fig. 69) and T. tern . (KUbc) Ridfs (length 
57 — 76^; breadth 19 — 26 /i) being the most widely dintributed. The former, 
which poueasee a sparsely scrobiculated cell-wall, is one of the most ubiqui- 
tous of Desmids and the latter boa a distinct preference for mountainous 
difitricts. T. BribUtonii (Menegh.) Ralfe is a more or less frequeiil Desmid 
in bogs and pools containing submerged Sphagnum. 

Genus Enastnmi Ehrenb., 1832. In this genus the cells are 
relatively shorter than in any of the preceding genera of the 




Fig. 60. A, Euattrum tlrgaia (Breb,) Kiiti. (a form), from Capel CuriR, N. Wale* 
(xlT4). B, zygospore of li. rirgant. from New Forent. Hants. ( x4T4). C, E. 
binaU (Turp.l Ebrenb., from Thursle; Common, Surrey ( x 471). D, zytto- 
Bpore of E, o6lonfli,ni (Gcev.) Balfs, from Filraoot, S. Yorks. (x200). /, frout ' 



<i lateral vi 



I, veilical v 



Coamariete and they are always distinctly flattened. Seen from 
the front view they are elliptical, or narrowly elliptical, and they 
possess a median constriction of considerable depth. The- lateral 
margins may be' entire or lobed, and the apices are u&ually deeply 
notched. In the lobed species there is always an odd number of 
lobes to each semicell, the apical lobe (which bears the notch) 
being termed the 'polar lobe.' In the vertical and side views 
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there ia generally a well-marked protuberance in the middle of 
each aide of the semicells. There is one axile chloroplaat in each 
^micell, which is oflen very irregular; occasionally it possesses 
irregularly disposed, longitudinal plates. There is a single central 
pyrenoid in the small species and several scattered ones in the 
large species. The zygospores are globose or ellipsoid, and are 
furnished either with numerous simple spines or with conical 
papillae. 

There are 43 British species of the genua, about half of which are widely 
distributed. The smallest and perhaps the most abundant species of the 
genua ia B. binale {Tvap.) Ralfe; length 10— 20fi; breadth 9— 18/»; thickness 
5-&— 7 ;* ; fig. 60 C. - E. tUgant Btih. (fig. 60 A and B), E. ansatum Ehrenb,, 
E. Biddta (Turp.) Ralfs and E. oUongmn (Grev.) Ralfe (fig. 60 D) are widely 
dintributed all over the country, but in some districta they are by no means 
common. E. ituignt Haaa (length 98— llO/i; breadth 49— 60fi) ia an upland 
f<&m found abundantly amongst Sphagnum. E. V6mKomta Ehrenb. and 
E ^eTnmaium Breb. are two of the prettiest species, and E. erasrum (Br^b.) 
Kfiti (length 1«7— 185 ^; breadth 87—97 n) and E. oblongum (Grev.) Haifa 
(length 144 — 167 fi; breadth 80 — 83 fi) are the largest species found in Britain. 
E. pedtTialum Br^b. ia more frequently found with zygospores than any other 
species of the genus. 

Genus Miorasterias Ag., 1827. [Holoc^stis Hass., 1846 ; 
Tetrackastrum Dixon, 1859.] This genus contains some of the 
largest and prettiest of Desmids. The cells are flattened, in many 
cases almost disc-shaped, and they are circular or broadly elliptical 
in outline. The semicells are divided by deep incisions into either 
three or five lobes, of which the polar lobe may be entire or 
fiimished with a wide excavation at the apex. The lateral lobes 
are sometimes narrow and attenuated, but more frequently they 
widen from the base outwards and are divided by incisions of 
variable depth into lobules. The flat surfaces of the cells are 
occasionally furnished with spines or wart-like projections, and in 
side or vertical view the cells are generally narrowly fusiform. 
There is a central, plate-like chloroplast in each semicell, often 
exhibiting irregular thickenings or ridges, and containing many 
scattered pyrenoids. The zygospores are globose and furnished 
vith strong spines, simple or furcate at the apex, 

'There ore 16 Britiah species oftbe genus, none of which are really abundant, 
although M. dettticulaia BriSb. (length 205— 350 /i ; breadth 185— 276 /i; 
fig. ei C) and M. tmneata (Corda) Brfib. (length 100—138 fi ; breadth 90— 
129 fi; fig. 61 B) are widely distributed. M. rotata (Grev.) Ralfs (length 
820— i40f.; breadth 195— 220 fi) and Jtf. pttpiWi/eni Brdb. {length 135 — 145 ft; 

v.Cooc^lc 
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breadth 116 — 145 n) axe not uncommon in pennanent boggy pools and l&kea, 
whilst Jf. oteitatu Bal& var. mvcrtmata (Dixon) Wille and M. Jenneri Balfe 
are frequentlj found in the Sphagnum-boge of mountainous arecui. M. ftireata 
Ag., Jr. Orux-Melitentu (Ehreab.) Haas. (fig. 61 A) and M.pinnalifida (Eiits.) 
Italb are amongst the rarest and most elegant species of the genus. 




Fig. 61. A, MicraiUriai Cna-Melitentii (Ehrenb.) Hass., from Bowneu, West- 
moratand ( x S65). B, M. tmtuMta (Corda) Br^b., from Tburslej Common. 
Surrey (x200). C, zygospore of Jf. denticulata Brib., from Halgavor Hoar, 
Corewall ( x 110). 

Genus CoBiuariam Corda, 1834. [Dyspkinctium Nag., 1849 ; 
Calocylindrus (Nag.) Kirchn., 1878; Cosmaridium Gay, 1884; 
PleuroUnniopais (Lund.) Lagerh., 1887.] This is the largest genus 
of Desmids, embracing several hundreds of species, which although 
exhibiting many varied characters, all conform to a common type 
of structure. The cells are relatively short and the length is rarely 
more than one-and-a-half times the breadth. There is a median 
constriction of variable depth, in some cases very slight, but in 
others exceedingly deep. The semicells may be circular, elliptical, ' 
semicircular, ovate, pyraraidate, or cuneiform in general outline, 
and the apex, which may be rounded or broadly truncate, possesses 
no apical notih. The cell-wall may be smooth, scrobiculate, 
granulate, vemicose, or clothed with minute spines, the orna- 
mentation in almost all cases being arranged upon some definite 
plan. There is frequently a protuberance of some considerable 



1.;. Google 



Desmidiac&B 



167 



size in the middle of each fece of the semicell, so that the vertical 
view, which ia elliptical in some species, may in others be furnished 
on each side with a more or less prominent swelling. 

In the majority of species there is one central chloroptast in 
each semicell, possessing four somewhat curved longitudint^ plates 
and either one or two large pyrenoids. In a few species there are 
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Fig. fl3. A, Cotmaritim reniformt (Boira) Amh. (a form), fiom Winken Fen, Cambe. 
( K *78). B, C. granatam Br4b.. from Chippenham Fen, Camba. ( x 478). C 
And D, C. granatun Tar. tubgranatum Nordat., from Harnaey Mere, B. Yorkx. 
( X 473). E— G, C. Uaughinii "Brkh. ; B and F, fFom Hornse; Mere, B. Yarks.; 
G, zygoapore of a tarta from BowneBB. WaatnioTelaDd ( x ITS). H, C. prie- 
nonuiH Brtb., from CartantuohiU, Kerry, Ireland (x473). I and J, C. 
tnoculatmn Br^b.; I, from BoBwell Pits. Camba.; J. zygospora from Pnttenbam 
Common, Surrey ( x 478). E and L, forma of C. Regnait B«iiiBCh; L shows 
one BUge of cell-diiiBioo ( x 1170). M. C. iithmium West, from Harris, Outer 
Hebridea (x4T3). N, C. pttudoa/iinaiiiia Nordat., from Capel Curig, N. Wales 
(x478). /, front Tiew; », side or lateral view; v, vertical riew. 

several (from four to eight) parietal chloroplasts in each semicell, 
each containing one or more pyrenoids. 

Some investigators of these plants have attempted to establish 
Nageli's genus Dysphinctium (= Calocylindrus Kirchn.) in order 
to include certain species which are best left in the old genus 
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Gosmarium. The genus Byspkindium can never be recognized 
in a sound syBtem of classification, aa opinion must always remain 
divided even upon many of the commonest forms that different 
authors have included in it. Its characters are too indefinite and 
artificial to be of any real systematic value. Similarly, Pleuro- 
Ueniopsis can never be established as a genus, as it would be a 
small, polyphyletic assemblage, including a few strangely incon- 
gruous species which occupy places far apart in the evolutionary 
scheme of the genus Gosmarium. It must be remembered that 
the primitive chloroplast of the Desmids is an axile one and 
that the parietal condition has been independently acquired in 
Gosmarium by a few scattered members of the genus. I have 
already stated^ that if the large genus Cosmarivm is ultimately 
split up, the sections will not have to be based upon single 
characters alone, but upon combinations of characters of which the 
external form will be the moat paramount. Until more is known 
concerning the distribution of species of Coamariwm, the genus is 
best left in its entirety. 

The zygospores may be globose, angular-globose, cubical, or 
almost of any outward form ; they may be smooth, scrobiculate, 
fiimished with simple or furcate spines of variable length, or 
adorned with conical papillie. In a few species, such as C. melano- 
sportim Arch., the spore-wall becomes perfectly black, 

Ab there are 250 Brititth species of Cotmarium it is not easy to point out 
the chief peculiarities of the genus. The largest species which occiub in 
Britain, and also one of the rarest, is C. ovaU Ralfs (length 182— 188 /i; 
breadth 100—107 (i). The smallest is C. tubretvtiforme W. & O. S. West 
(length 7fi — 8 /i ; breadth 6-2— 6-5 /*). The commonest species fouod in tha 
]>ond8 and ditches of lowland districts are C. BotrytU (Bory) Menegh., C. pra- 
mor*um Br^b. (fig. 62 H), C. tuhcottatum Nordat, C. humile Q&y, C. granatum 
Breb. var. tubgranatum Nordat. (fig, 62 C aod D), C. abbreviatum Racib. and 
several forms of C. Meneghinii Br^b. In the bogs of moorland districta 
C. Cucurbila Br^b. is usually abundant, and in upland Sphagnum areas 
C. Jtalfsii Br^b,, C. pyramidaium BrSh., C. tubfumidam Nordst., and others, 
are fairly general. Some species, such a» C. Eolmiente Lund., C. anceps Lund., 
C. subtpeciotuni Nordot aud C. Pokornyanum (Grun.) W. & G. S. West, are 
usually found on dripping rocks, and C. Dovrente Nordst., C. micnaphiiictiim. 
Nordst., and several others, prefer wet calcareous rocks. C. pygynauta Arch. 
sometimes occurs in myriads amongst the leaves of submerged Sphagnum. 

Genus Xanthidiom Ehrenb., 1834. The cells of this genus 
are somewhat flattened as in most species of Gosmarium, and the 
' O. 3. West, •Alga-flora of CambrideeBhire,' Jonrn. Hot. 1699, p. IIS. 
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median constriction ie invariably deep. The semicells may be 
elliptical, trapezifonn, hexagonal or octagonal in outline, and the 
angles are furnished with simple or fiircate spines. The presence 
of these spines constitutes the primary distinction between XanOii- 
dium and Coamarium, and they are usually arranged in one plane 
or in two parallel planes. In the centre of each semicell is a 
thickened, sciobiculate area, or a protuberance of variable size, 
and this character is the sole distinguishing feature between 
Xanthidium and Arikrodesmus. In a few species the spines are 




Fig. 6S. A, XaMhidium anaatum (Brib.) Hsbenh., from Sligaotaan, Skye ( x 865). 
B, Kjgogpore of X. aTUiiopaum (Biib.) Eiitz., from BallynahiDoh, Oalwa;, 
IreUnd ( x S65). 

reduced to small apiculations at the angles. The chloroplasts are 
parietal in most of the species and are arranged in the form of 
cushions, four or six in each semicell, each with a pyrenoid. In 
some of the minute species there is a single, central chloroplast in 
each semicell, furnished with one pyrenoid. 

The zygospores are globose and adorned with blunt papilla; or 
long slender spines, simple or furcate at their extremities. 

The genus was divided by Lundell in 1871^ into two sub-genera; 
eub-genus Holocantkum, in which the spines are entire ; sub-genus 
Sckizacanthum, in which the spines are forked at the apex. These 

> Lnndell in Nora Acta Beg. Soo. Soient. Upula, 1B71, mi. 0, voL Tiii, p. 74. 
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were put forward as genera by WiUe', but upon insufficient 
grounds. Even in the most t3rpical species which would fall under 
Schixacartthum, namely X. armatum, the spines are sometimes 
simple', and in some of the tropical species there are numerous 
intermediate stages between simple and much-forked spines. 

There are 14 British species, of which a few &re geoerftl but not abundant, 
and the rest are very scaroe. X. armatum (Bi^b.) Rabenh. is a large and 
handsome Deemid occurring in moderate quantity in the bogs of the hilly 
difltricta of the Brideh lalea; length with spines 137—200 fi ; breadth with 
spines 88— 110 /i; fig. 63 A. Z, antilopmim (Biih.) Kutz. (fig. 63 B) and 
X. erittatum Br^. are not uncommon in certain areas, and X. eojwinnwm Arch^ 
which is the smallest Bpeciee of the genua (length & — 9'0 /i ; breadth without 
theapiculations 9'.'^ — ^O'Sp.), Bometimea occurs abundantly amongst Sphagnum. 
Species of this genus are r^^lar constituents of the freshwater plankton. 

Genus ArthrodeamuB Ebrenb., 1838. This genus is primarily 
distinguished from Xantkidium by the absence of the protu- 
bernnce or scrobiculated 
area in the centre of the 
semicella. As a general 
rule the spines are fewer 
in number than in Xan- 
tkidium, and they are all 
disposed in one plane. 
The median constriction 
is deep and the semi- 
cells, which may be 
elliptical, trapeziform, 
or Bubhexagonal in 
shape, are furnished at 
the lateral angles with 
one or two spines of 
variable size and 
strength. In the verti- 
the cells are 
always elliptical and the 
poles are fomished with 
spines. There is a single 




Pig, 64. A— C, Arthrodanaii Incut (Brtb.) 
Hub., from Harrop Tarn, Cnmberiand; C, zygo- 
spore l>365). D, A. lacv-t var. Ralftii W. 4 
G. S. WBBt, from Capel Curig, N. Walas ( x365). 
E, A. Jnctu var. validtu W. * G. 8. Weet (a (orm), 
from near Olenties, Donegal, Ireland ( x 474). 
F and G, A. octocomia Ehrenb.; F, from Lljn 
Idwal, N. Walea; G, zygospora from Pattenham 
Common, Surrey [xili). H— J, A. bifidat Br6b. 
var. tnmcatiu West; H, from StrEnaall Common, 

N. Yorka.; 1 and J, from Keaton Common, Kent central chloroplast in 
()t474). /, front view; V, vertical view. ■ ■ n 

each semicell contain- 
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ing one or two pyrenoids. The zygospores are globular, and the 
outer surface may be smooth or clothed with simple, conical or 
subulate spines. 

Of the eleven British species, A. Iticw (Br^b.) Haas, is the only one that is 
g«nerBl and abundant. It is a small species, frequently met with in the con- 
jugating 8tat«, and is one of the njoet variable of Desmida ; length without 
spines 13 — 33 ^i; breadth without spines 13 — 88^; length of Bpinea S — 32p ; 
fig. 64 A— C. A. convergent Ehrenb. and A. octoeornii Ehrenb. (fig. 64 F and 
G) are not uncommon, hut the other speciee are all rare. 

Oenus Stauraetnun Meyen, 1829. This is the second lai^est 
genus of Deamids and contains some hundreds of species of veiy 
varied character, the majority of which possess a deep median 
constriction. The semicells are elliptical, semicircular, oblong, or 
cyathiform in outline, and the vertical view is generally triangular, 
but may be quadrangular or polygonal. The angles are sometimes 
rounded, sometimes acute, or they may be produced into processes 
of considerable length. In many cases the angles of one semicell 
alternate with those of the other. The cell-wall is occasionally 
smooth, but it is more frequently adorned with a variety of spines 
or wart-like excrescences, usually symmetrically disposed. In 
those species in which the angles are produced into processes the 
latter are generally furnished with two or three strong diverging 
spines at their extremities. 

There is usually one chloroplast in each semicell, consisting of 
a central mass with a number of radiating plates, varying from five 
to eight (usually six; two in each angle). One pyrenoid is present 
in each chloroplast. In a few species there are several ehloroplasts 
in each semicell disposed in the manner of parietal cushions, but 
intermediate states between this condition and a central mass are 
not infirequent. This indefinite character was utilized by Lundell' 
for the formation of a sub-genus, Pleurenterium, which has recently 
been proposed as a genus^. The absurdity of such a genus is 
realized on considering the few incongruous forms it would have to 
include. It should be borne in mind that the parietal condition 
of the ehloroplasts has been arrived at quite independently by a 
few widely different species of the genus Staurastrum. 

The zygospores are globose or angular, rarely winged, but more 
commonly clothed with long spines, which are simple or furcate at 

i. p. 78. 
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their eitremitiea, and often situated each at the apex of a mamillate 
or obtusely conical protuberance. 




Fig. 6S. A and B, Stavrattntm unatinum Cooke li WilU, from Llf n-j-cnm-ffj^ou, 
N. Wrieg {x479). C, St. pnmtutatum Brib., from Esher Common, Smr^ 
(x473). D. Si. potylTickmu Ferty, from Galway. Ireland (xSeS). E, St, 
rfon^fttum' Barker, from Khiconich, Sutherland (x4T3). F. St. braekiatmn 
Balls, from Down, Ireland ( x 473). G, zjBOBpore of St, fureigenan Br£b., 
from FUtaoor, N. Yorka. (x 473). /, front view; v, vertical view. 

There are more than 160 apecios of this genua known to occui" in the 
British Islands, but few of them are abundant. The most tVequeiit apecies in 
low-lying districts are St. pygmixam Bn-b., St. puitrtidatum BrSb. (fig. 65 C) 
and St. Ke.vacenim (Ehrenb.) Wittr. In moorland areaa St. margaritaeeutn 
(Ebreiib.) Menegh. is generdJ. The most abundant of the spiny xpeciea is 
St. teliferwn Kalfe. One of the largest British B])ecies of the genus is 
St. tumidam Br^b. (length 112— 132 fi; breadth 91—103 fi) and the Buiatleet 
isiSt. tofanHm Wolle. Some a^e>A«si,>iwAiexSt.capitulum'Bt&i.,St.pUeidatunt 
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BnSb., St. Kjetlmanii'Waio (fig. 61 £), St. aearuiet Nordat. and St. Arndlu 
Boldti, are principaUj confined to muuntainouB regions; others, auch as 
St. pdagieuta W. & Q. S. West, Si. pteudopdafficum W. ft G. 8. West, 
St. jaevli/erum Weat, St. paradaxum Meyen var. lo7iffipe» Nordst, St. bravi- 
tpinum Brib. and forms ot St. anatinum Cke. & WiUs [fig. 66 A and B), ire 
abundant in the plaokton of lakes. A few of tbe most beautiful species of 
the genus, amongst nhicb maj be mentioned St. Ophiura Lund., St. Cerattet 
Lund., St. ArcttKoa (Ehrenb.) Lund., St. verttcdlatum Arch, and St. longi- 
gpinum, (Bail) Aroh., are con&ned to the extreme western districts cf Scotland, 
Wales and Ireland, and are moet abundant in the plankton of those areas. 

Genus Cosmooladinm Br^b., 1856. The cells of this genus 
are similar to those of some of the smooth species of Coamariwrn, 
but the individual cells are united by relatively thin mucilaginous 
threads into branched colonies. Sometimes the entire colony is 




Fig. 66. A, Cotmoeladiam comlrictam (Areh.) Josh,, from Pilmoor, N. lorks, ( x 476). 

B, C. palchelliim Br4b., from near Tarbert, Harrie. Outsr Hebrides ( x 475). 

C, zniospore of C. periaum Boy & Bibb., from the Clova Mts., Forfar ( x 476). 
D— F. Ooeardium itratam Nag., after LntkemitUer ( it 730). 

enveloped in a mucilaginous mass of much less density than the 
connecting threads. There is one chloroplast in each scmicell 
containing a single pyrenoid. The zygospores are globose and 
smooth, or they may be lobed (as in C. perissum Roy & Bias.). 
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Then are five British species of this geoue all of which are very rare. 
C. conHrUtum (Arch.) Josh. (fig. 66 A) and C. pulchdlum Brtb, (fig. 66 B) are 
perhaps more often observed than the others. AH the species are very small, 
the largest being C. Saxonicum De Bary; length 15— 17 ^; breadth 13-5— 
14-5 >i. 

GenuB Oocardiom Nag., 1849. This is the most extra- 
ordinary of all the genera of Desraida and usually occurs in large 
colonies. The cells are small, slightly constricted and much 
depressed, being considerably broader than their length. The 
semicells are unequally depressed on the two sides, so that the 
plant is symmetrical in one plane only. The vertical view is 
broadly elliptical. There is one chloroplast in each aemicell, con- 
sisting of somewhat irregular plates radiating from a central maas 
containing one pyrenoid. 

The colony is generally hemispherical in shape, 1 — 2 mm. in 
diameter, and occurs attached to calcareous rocks, not unfrequently 
being itself encnisted with calcium carbonate. It consists of a 
number of more or less parallel, radiating strands of mucus of 
considerable thickness, each strand widening out towards the 
surface of the colony and occasionally branching. In the free end 
of each mucous strand is lodged a single cell, disposed with its 
longitudinal axis at right angles to the asis of the mucous strand. 
The zygospores are unknown. 

The onlj known speciett is Oocardium gtratum N^. It is extremelj rare 
and I have only observed it in the limestone districts of West Yorkshire, 
attached to rocks and stones in the beds of several mountain streams. Length 
13— ie-6ft; breadth 18—19-5^; fig. 66 D— F. 

Genus SphserozOBina Corda, 1835. The cells are small and 
attached to form long filamentous colonies, often twisted and 
sometimes enveloped in a mucous investment. The median con- 
striction may be deep and narrow or it may be widely open, and 
the semicells may be elliptical, oblong, or subrectangiilar in form. 
The attachment of the cells is apical and ia effected by small 
rounded tubercles or short capitate processes. The vertical view 
is elliptical. There is one axile chloroplast in each semicell, 
furnished with a single pyrenoid. The zygospores, which are 
globose or oblong, are either smooth or furnished with subulate 
spines. 

There are only five British species of the genus and none of them is 
abundant S. vertebratv.ni Balfs (length of cells 19 fi; breadth 21 — 24 ft; 
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fig. 67 C) is the largest, and S. exeavatum Kalfe (fig. 67 D — F) luid S. granu- 
iatitm Rov & BisB. are the most widely distributed. 

QenuB Ouyohonema Wallich, 1860. The cells are small and 
form simple filamentous 
colonies. The median con- 
striction is deep and narrow, 
and the semicells are ellip- 
tical or reniform, sometimes 
with strong lateral spines at 
each side. There are two 
capitate processes of con- 
siderable length attached to 
each apes and disposed asym- 
metrically. The cells are 
united into long flexible 
filaments by the overlapping 
of these processes over the 
adjacent cells. There is one 
axile chloroplast in each 
semicell, with a single pyre- 
noid. The zygospores are 
globose and furnished with 
simple spines. 







Fig. 67. A, SpondyloiiumpulekeUi 

from Qlen Sbee, Perthdiire {x365f. d, it. 

papiUatum W. dt (i. S. West, from Skipwith 

Common, E. YorliB. (xil5). C, Spharo- 

thr™RritJBhsiwii« '"'"^ verUbratum BaKa, from near Crowan, 

three Bntiab species Cornwall (x4761. D— F, Sph. txeavatum 

" * "' R»Hb; D, from LlynIdwftl.X. WaJeBfx 475); 

E . z jHOHpore from Pattenham Common, Surrey 

( X 475] ; F, zygoapoie from New Forest, HaiiU. 

(x 476). O — H, OnychoneTaa Norditedciana 

Turner, from Strensall Common, N. Yorks. 



There! 
of the geuus, all of which 
distinctly rara The one most 
generally obeerved is 0. fili/ormis 
(Ebrenb.) Boy & Bias, (length of 



x7aO). 



cells 14—16^; breadth 14-5— (G. xl75; 

16,.). 

Genus Spondyloaium Br4b., 1844. [Leur(mema Wallich, I860.] 
The cells are small or of medium size and are united by their 
apices to form filamentous colonies, occasionally twisted and often 
enveloped in a copious mucus. The median constriction is usually 
deep and linear and the semicells are of very variable form. The 
apices are flat or concave and the cells are joined merely by the 
close apposition of their apices, this being the sole distinguishing 
feature between Spondylosiiim and Spkwrozosma. The vertical 
view is elliptical, triangular, or trilobed. The chloroplasts are as 
in Sp}uerozoama, and the zygospores are globose and smooth. 
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There are seveQ speciee of the genus Icdowd to oocur in the British Isl&nda, 
none of which is abundant. S. papilUuum W. & G. S. West (length of 
cells 8— 9'& n ; breadth 9-Q— 10-6 /i ; %. 67 B) aod S. pulcbeUiim Arch, (length 
12-0 — It ft; breadth 11— 12-5 /i; fig. 67 A) ore the moat widely distributed. 

Genus Hyalotheca Ehrenb., 1841. Thtt cells are more or less 
cylindrical and are connected 
by their broadly truncate 
apices into filamentous colo- 
nies. The median constric- 
tion is very slight and the 
semicells are trapezoid, sub- 
quadrate or oblong in form, 
with straight or convex lateral 
maigins. The filaments are 
usually twisted and always 
enveloped in a thick coat of 
mucus. There fire frequently 
several slight swellings at the 
base of each semicell near the 
constriction, causing the cir- 
cular vertical view to possess 
two or three nipple-like pro- 
jections at equal intervals 
round the margin. There is 
Hyalotheca di«Ui«u o^e chloroplast in each semi- 
A_»nd B, froin^Capel Curig, cell, consisting of a central 
mass with a number of radiat- 




Fig. 68. 
(8m.l Br*b. , 

M. Wales {xSeS); C and D, zjgosparea 
from OaLnay, Ireland { x 3GG). E— H, 

H. ntgltcta Bwsib.. from the New Forest, ine plates, and containing One 

pyrenoid. The zygospores are 

and smooth, and in 



■ apUno 



H. dissiliens the four empty semicells unite to form a cruciform 
structure which surrounds each spore. 

There are four British aiieciea of the genua, of which ff. dittUient (Sm.) 
Breb. is general and often abundant; length ITi— 25 /i; breadth 21—33 n; 
fig. 68 A — C. This Desmid ia mure frequently found with zygospores than 
any other. B. mnaiia (Dillw.) Ehrenb. is a much scarcer plant, although 
widely distributed. S. unrfjiioto Nordat. (length 13-5— 17-5 ft; breadth 7-5— 
9,i) and M. neghcta Racib. (length 28— 34-5 ,i; breadth 11&— 13/.; fig. 68 
E— H) are amongst the rarest of British Desmidsi. 

Series h. The oblique junction of the new and old halves of 
the cell-wall (at the region of the isthmus) develops an internal 
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girdle-like thickening which projects into the old semicells during 
the earlier stages of division. The cells are united to form thread- 
like colonies. 

Genus D«amidinm Ag., 1824 [Didymoprium KUtz., 1843; 
Aptogonum Balis, 1848.] The cells are united to form twisted 
filamentous colonies, often enveloped iu a wide mucous coat. The 




Fig. 69. A, Denddiian SitarttH Ag., tmm near Preston, LRHoashire ( x 865). 
B, D. qaadratum Nordit., ehoiring oelt-ili vision ( x 476). C. E^goepare ol 
D, cytindrKun Orev., from Donegal, Ireland (uSaO). D, zjTROBpores of 
D. aptogonum Br^b. ( x 476). B and F, Oymnoiyga monilifonttii Ebcenli., 
&om Khioaaich, Satherlaod ( x475): F, shoving oell-diviaion. O, sjgoapores 
of G. moniliformit Tar. graeileteent Nordst. ( x 475). 

median constriction is moderately deep and the semicells are much 
depressed, so that the cells are generally much broader than their 
length. The attachment of the cells is either by the close 
apposition of their flat apices or by the apposition of corresponding 
truncate apical projections. In the latter case there is a space of 
variable width visible between the actual apices of two adjacent 
cells. In vertical view the cells may be triangular, quadrangular, 
or elliptical with mamillate poles. There is a single central 
chloroplast in each semicell containing as many pyrenoids as there 
are angles in the vertical view, and there are two longitudinal 
plates diverging from each pyrenoid into the angle. The zygo- 
w. A. 12 
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sporee are ellipsoidal, smooth or furnished with somewhat flattened 
or conical papilUe. 

There &re aii British epeciee of the genus, none of which la abundnnt. 
D. SvxLrUii Ag. {length 14—19 ji ; breadth 37—43 f. ; fig. 69 A) and D. eglin- 
driemn Qrev. (6g. 69 C) are the two most general epeciea. D. quadratam 
Nordat. (fig. 69 B) and D. gracilic^t (Nordst.) Lagerh, are two species verj 
rarely met with in the British Isles. 

Genus GTnmozyga Ebrenb., 1840. [Bamhusina Kiltz., 1845.] 
The cells are cylindrical or barrel-shaped and united by their flat 
ends into slightly twisted filamentous colonies. There is a slight 
median constriction and at the base of each semicell is a swelling 
of variable size. The vertical view is circular, sometimes with 
two opposite papillee. The cell-wall frequently possesses delicate 
longitudinal grooves. There is one central chloroplaat in each 
semicell with six radiating longitudinal plates and one pyrenoid. 
The zygospores are ellipsoidal and smooth. 

Tlio only British species is O. moniliformit Ebrenb. (length 2S — 30 ;i; 
breadth 175 — 22*5 fi; fig. 69 E), which is generally distributed in boggy 
districts, pari^cukrly in elevated localities. 



Order IX. PROTOCOCCOIDE^. 

This order includes a lar^e number of green Algse which are 
mostly unicellular in character. The cells are commonly aggregated 
to form loose irregular colonies and are often embedded in a 
copious mucilage. In a few of the forms a small multicellular 
expansion is developed, and in others a definite ccenobium which is 
sometimes ccenocytic in character. In some the cells are normally 
ciliated and the plants are either motile unicells or more or less 
complex motile colonies. 

The order includes the lowest and most primitive of the green 
AlgER, forma through which most of the other Chlorophyceie have 
been evolved along divergent lines. 

They are wonderfully varied in character and are found in 
almost all possible situations. The cell-walls may be extremely 
delicate or firm and thick, and there is often a great development 
of the gelatinous pectose compounds. The number and disposition 
of the chloroplasts vary greatly in the different genera, and 
pyrenoids may or may not be present. 
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Most of the Protococcoidete multiply by simple cell-division, 
which takes place in one, two, three, or sometimea in many 
directions of space. 

Asexual reproduction is generally accomplished by the pro- 
duction of one or many biciliated zoogonidia from a mother-cell, 
and in some families this is the sole method of reproduction. 
There are many different types of asexual spores found in the 
genera of the Protococcoidete. Some of these are akinetes and 
others are aplanospores. One type, which is worthy of special 
note, is the autospore. A number of autoepores are generally 
produced in a cell, each spore having on liberation the general 
form and appearance of the mother-cell. In some of the ccenobic 
forms the plants are reproduced by the formation of autocolonies. 

Most of the methoiis of sexual reproduction, both isogamous and 
heterogamous, which are exhibited by the various Chlorophycete, 
are found in the order Protococcoidete. 

The order seems to me to be best subdivided into the following 
eight families, of which the first one is doubtfully placed in the 
Protococcoidese as the plants included in it have certain relation- 
ships with the Chietophoraceaj. 

Family 1. CAatopeltidear. Unicellular or multicellular, sometimes 
peeudoparenchymatous. Some or all of the cells furnished with hairs 
or bristles, either simple or sheathed and ofteo muoous. Multiplication 
by division of cells in two directions. ReproductioD by S- or 4-ciliated 
zoogonidia and by S-ciliated gametes. 

Family 2. Volvocacea. Unicellular or conaistitig of a definite 
CffiDobium of cells, which are either united by protoplasmic processeB 
or enclosed within the STOoUeD mucous mother-cell- wall. All the cells 
are ciliated and motile in the vegetative state- 
Family 3. Endo»ph€era/\tcc. Unicellular cr slightly branched and 
cuiDOcytic ; cells solitary, generally rounded, often with button-like 
excrescences of cellulose ; chloroplasts with numerous pyrenoids. No 
vegetative division. Reproduction by spores, zoogonidia and gajnetes. 
All the genera are endophytic. 

Funily 4. Characiece. Unicellular ; cells solitary, differentiated 
into base and apei, epiphytic on other Algee ; chloroplaat parietal with 
one pyrenoid. No v^etative division. Reproduction solely hy zoo- 
gonidia formed by succesuive divisions of the contents of a mother-cetl. 
Family 5, Pleurocoeeaceiv, Unicellular and globular, or of short, 
ramified, few-celled filaments, never attenuated into hairs; often 
pseudoparenchyraotous ; cbloroplasts one or several, parietal, with or 
without pyrenoids. Multiplication by division in two or three directions, 
nnd more rarely by zoogonidia. Cell-walls very firm. 

12—2 
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Funily 6. SgdnnHc^aoMt. Thallua ciwsisting of n. cffiQobium of 
ctenocytea, non-motile, and formed by the ai^xnition of quieacent wm- 
goDJdio, which may or may not have eacaped from the mother-ceeuocyte. 
Beproduotion Bometimes by reating-epores. 

Family 7. Protoccxxaaete {or Auto^oraetcs). Cells solitary, free- 
swimmiDg, or colonial and asiKiciated in minute, more or less definite 
«oloniea, easily dissociated or persistent. Multiplication by suocessive 
division of contents forming autoaporee at autocolonies. ZoogonidiA 
rarely developed. 

Family 8. Palmellaeex. Microscopic or macroscopic, gelatinous 
and indefinite. Cells embedded in a copious gelatinous envelope. 
Multiplication by division in every direction; cells often grouped in 
twos or fours, sometimeK with peeudocilia. Colonies ftee.floating or 
attached. Zoogonidia with two cilia. 



Family 1. CHJBTOPELTIDKJE. 

The AlgEe included in this family consist of several genera of 
very obscure affinities, all of which can be distinguished from other 
members of the Protococcoidea; by the presence of setse or bristles. 
At present they are but little known and the true nature of the 
bristles has not yet been thoroughly worked out. They are uni- 
cellular, or aggregates of loose cells, sometimes forming short 
filaments or flat, pseudoparenchymatous expansions, which in some 
instances appear to have arisen by a concrescence of short dicho- 
tomous branch -systems. 

The flat thallus of Ch<etopeUia is similar to that found in the 
XTIvaceie, except from point of view of size and the fact that it is 
attached by the whole of one surfiice. Ckwtoaphairidiuni is a 
genus which may, perhaps, owing to the short creeping filaments 
which it sometimes develops and the sheathed bristles, have some 
relationship to the Herposteiracere, but its characters are so widely 
different from those of Herposteiron that it is best kept apart from 
the Chstophorales until our knowledge of the genus is augmented. 
It may be that the resemblances between the ChsetopeltideEe and 
certain of the Chastophorales, such as they are, are due to a 
parallelism of modification rather than to a direct affinity. This 
has been illustrated in the table I have given of the phylogeny of 
the green Algie on page 30. 

In genera such as Cfuetosphwridi'ira and Conockcste multipli- 
cation certainly takes place by the division of the cells in two 
directions. 
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Reproduction has been observed to take place in several of the 
genera by zoogonidia with two or four cilia, and by bieiliated 
is(^mou8 gametes. 

Throughout the entire family there is a marked dorsiventrality 
such as appears elsewhere io the Coleochietacefe, Trentepohliacece, 
etc. 

The ftillowii^ British genera are known; — 

A. Flaota nith a disciform thallus furnished with 

Bcattered bristles ChatopdtU. 

B. FLmte craisisting of a looee E^gregate of oella in one strotum. 
* Each cell with one seta or bristle. 

firiatleB with & bual sheath ; chloroploBtfl 

parietal Chatotphatiidium. 

** Each celt with several setie or bristles. 

t Bristles few, with basal sheath.s Ctmochate. 

++ Briatlee manj', without basal sheaths Palychcetopliara. 

Genus Chatopeltis Berth., 1878. The thallus is a flat plate, 
almost circular in outline, and consists of a single layer of compact 
cells, more or less radiating Jrom the centre. The growth of the 
thallus is peripheral as in Coleockcete, but the cell-walls are much 
more gelatinous. From the upper sur^ice of the thallus a number 
of scattered mucous setae arise, which are unseptate, simple, and 
of considerable length. E^h cell contains one parietal chloroplast, 
which is often much lobed and perforated, and is furnished with a 
single pyrenoid. Reproduction takes place by zoogonidia of which 
2 — 8 arise from a mother-cell, each one possessing four cilia. 
Isogamous gametes are also produced, simihir in appearance to the 
zoogonidia but with two cilia. 

Ch. orbieularit Berth, is not an uncommoa plant in this country, occurring 
aaanftpiphyte on the stems and leaves of vbHoub aquatic PhaceruganiB. The 
tfaallus varies greatly In size and sometimes reaches a diameter of 1 mm. 

Genus Ch»to^lneri(Uuin Klebahn, 1892'. The cells are 
small and spherical, generally occurring in loose aggregates, 
epiphytic on larger Algie and other aquatic plants. They are 
sometimes enveloped in mucus, but more often quite destitute of 
a gelatinous investment. Klebahn states that the cells are com- 
monly joined in a short filament by means of empty cylindrical 
utricles, but I have not observed the presence of these structures 

' KlaUhn in Jaltrbiich. wiBneuwh. Bot. »iv, 1892, pp. 368—282, pi. i. 
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in asy British specimens. Each cell possesses at its upper pole a 
small conical projection which forms a baaal sheath for a. long, 
delicate seta or bristle. This 
bristle is estremely flue and 
fragile, and is commonly broken 
off at the apex of the basal 
sheath. In most specimens it is 
impossible to see any sheath-like 
structure in the conical projec- 
tion, the bristle appearing to 
arise irom its apex. The chloro- 
plast is very variable, but in 
some specimens it is distinctly 
parietal with one pyrenoid. The 
division of the cells sometimes 
takes place by the formation of 
a horizontal division -plane, the 
lower daughter-cell migrating 
to the side. Asexual reproduc- 
tion occurs by zoogonidia, pro- 
duced four (or more ?) in a cell. 
There is some little confusion 
between this genus and one described by Borzi in 1892 as 
Nordstedtia^. The latter was supposed to be founded on a plant 
described by Nordstedt as Herposteiron globosa*, and since referred 
by Wolle to the genus 'Aphanocfuete.' Klebahn, who compared 
the original specimens of Nordstedt with Borzi's drawings of 
Nordstedtia, affirmed that the latter represented an entirely 
different plant. This being the case, one is compelled to accept 
the genus CficetoaphcBridium for the plants described by Nordstedt 
as " Herposteiron globosa" 

Ch. ffloboium (Nordat.) Klebahn is widely distributed in the British 
lelandB, occurring chiefly in the Sphagaum-pools of permanent bogs. The 
cells tire 1 1 — 18 ft in diaiaeter, loosely nssociated, and occsBionally surrounded 
by ft gelatinous envelope (fig. 70 A and Bj. There is a curious var. depratum 
of this species with the cetla much depresHed (fig. 70 C). 

The plant described as Chactoipharidium Priagtheimii by Klebahn appears 
to be identical with Aphanochale globoia var. minor Uansgirg, and if it is 
distinct from Ch. globotum. it should be known as Ck. m,%nu4 Hau^. Most 

i, [. 3a, 2B. 



Fig. 70. A and B, ChatoifhitTidiuvi 
glabotam (NonlBt.) Elebshn; A, from 
Eshei Common. Snrre; ; B. from Bow. 

nesii, Westmoreland. C, Ch. globomm 
VM. depreetum (West & G. B. West), 
from the New Forest, Hants. {All 
>: 370.) 
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Fig. 71. A form of Conochate comoia 
Klebslin, from the New Forest, Haata. ( x 370). 
eh, ohloroplast; o, oil-globnle. 



GenuB Concxduete Klebahn, 1893. The cells are comparatively 
small, loosely aggregated, and embedded in a small amount of 
mucus. Each cell is sub- 
globose, often depressed, 
and possesses a number 
of delicate bristles which 
radiate in all directions. 
Each of the latter arises 
either from the apex of 
a mamillate protuberance 
of the cell-wall or from 
the base of an elongated 
sheath. There are one or 
two chloroplasts in each 
cell, each furnished with 
one pyrenoid. The cells are markedly doraiventral and sometimes 
a prominent oil-globule is present in the basal half of the cell. 
The plants multiply by cell-division in two directions and by 
zopgonidia, of which four or eight are formed in each cell'. 

Two British epeciea are known, both of which Eire exceedingly rare. 
C. cormua Klebahn poaaeatiea cells 13 — 26^ in diameter and the hristlea, 
which are 3 — 5 in number, are uheatbed at the base (&g, 71). C. fx^ytricha 
(Nordat.) Eleb. posseases cella 10 — 16 fi in diameter and the bristles arise 
from the apices of a number of mamillate protubet»nceu uf the cell-wall, th« 
latter eihibitiog a well-marked stratification. 

Genus Polyohsetophora West & G. S, West, 1903. The 
plants are unicellular or sometimes composed of short, loosely 
connected filaments of six or eight cells. The cells are subglobose 
or ovoid, and the cell-walls are exceedingly thick and lamellosc. 
From the outer layers of this lamellose cell-wall from 8 to 12 long 
flexuose bristles are given off. The bristles are very delicate and 
attenuated to fine points ; they are quite simple, without any trace 
of a basal sheath or any basal swelling, and they radiate in every 
direction. Sometimes the cell-wall is Unequally developed, a large 
stratified outgrowth having been developed on one aide. Such a 
cell has a stalked appearance which presents many points of 
m West k a. S. West to 



' This imall form in known from N, Yorkshire 
TmiXB. York*. Nat. Onion, 1900, vol, v, p. 22. 

• Sehmidle in Hedwigia, 1899, p. 163, t. vi, f. 16- 
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resemblance to the cells in Borzi'a genus HormotUa. E^h cell 
contains a single chloroplast, sometimes distinctly parietal, but 
irequently subcentral and filled with highly refractive oil-globules. 
The presence of pyrenoids has not been definitely determined. 
Multiplication takes place by division of the cells in two directions. 



P. lamello*a West & Q. S. West is the only Hpecieu of the genua &ud had 
been found in OlouceBterHhire aniODgat Tolypotkric pygtitaa. Diam. of cells 
IB— 35p; thickness of cell-wall 28— lO'Sji; length of bristles 86—183/1 
(fig. 72). 

Family 2. VOLVOCACEJB. 

The plants contained in this family are either unicellular or 
they consist of definite coenobia of cells. They are distinguished 
from all other Protococcoideae by being ciliated and motile in their 
vegetative condition. The ctenobia consist of a definite group 
of cells either united together by protoplasmic processes or super- 
ficially arranged within the swollen wall of a mother-cell. The 
number of cells in any cflenobium remains constant so long as the 
individual exists, and they all arose by cell-division while the 
plant was still an embryo within the wall of the original mother- 
cell. 

The cells are rounded, angular, or ovoidal in form, generally 
with a narrower anterior end to which are attached two, or rarely 
four, cilia. The protoplasm of the anterior region of the cells is 
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hyaline in character and often contains a prominent pigment spot 
and two (sometimes more) contractile vacuolea. The pulsation of 
these vacuoles is alternate. There ia a single nucleus, usually 
occupying a central position in the cell. One chloroplaat is present 
containing one or more pyrenoids, and although its form is very 
vaiiahle, it ia generally more or less confined to the broader 
posterior end of the cell. 

Multiplication takes place by the division of the contents of a 
mother-cell into 2, 1, or S daughter-cells, and, as the latter are new 
motile individuals, the vegetative division in this family is strictly 
homologous with the asesual reproduction by zoogonidia which is 
- found in the other groups of the Chlorophyceie. In all the repro- 
ductive processes in this tamily the plane of the first cell-division 
is usually at right angles to the longitudinal axis of the cell. 

Sexual reproduction occurs in most of the forms hy the union 
of isogamous planogametes formed in a similar manner to the 
vegetative daughter-cells, but in greater numbers. In some of 
the higher forms there is a marked heterogamy, sexual reproduc- 
tion being brought about either by the union of heterogamous 
planogametes or by the fusion of antherozoids and oospheres. In 
the zygospores or oospores the pigment spots of the two gametes 
disappear, but the chloroplasts remain distinct and the cell-wall 
becomes cuticularized. Germination takes place after a period of 
repose. 

As one passes from the lower to the higher members of the 
Volvocacete there is a more striking progressive evolution of forms 
than is exhibited in any other^mily of Algie, There is a gradual 
replacement of isogamy by heterogamy, ultimately reaching the 
highest condition of oogamy, and associated with this is an increase 
in the number of cells and size of the cosnobium, accompanied by 
a differentiation of vegetative from reproductive cells. 

The plants of this family are of great interest on account of 
the feet that they are the connecting links between the lower 
forms of the green Algce and the Flagellata, a Protozoan group 
which exhibits a mixture of animal and vegetable characters, and 
from which it is now generally recognized that the Chlorophycea* 
have been evolved. There can be no doubt, however, in the mind 
of anyone who has carefully studied the Volvocacese, that their 
characters are such as to clearly separate them from the Flagellata 
and place them as a femily of the green Alga^. 
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Plants of this family sometimes occur in prodigious quantity 
in stagnant water, giving it a pale-green colour and a somewhat 
unpleasant odour. They are occasionally the cause of foulness of 
drinking-water, imparting to it a distinct oily taste*. 

Excluding the Poljblepbaridew, which exhibit a mixture of Flagell&te and 
Volvocine characters, the British Volvocacea are dirided into the three fol- 
lowing sub-families*: — 

Sub-bmilj I. Chlamydomonadece. Unicellukr ; globose or ovoidal, 
with a distinct but thin cell-wall. Cilia (or flagelta) two, rarely four. 
With one chloroplast of very variable forni, amially including a single 
pyrenoid. 

Sub-family II. Phacotao!. ITnicellular, with the ce!k as in the 
Chlamydomonatleie, but with a thick solid cell-wall which aeparatea 
into two halves on the escape of the daughter-cells. 

Sub-family III. Volvoeea. Motile crenobia of Chlnjnydomonadine 
cells, usually embedded in a common mucilaginous investment; more 
rarely united by protoplasmic processes. All the cells are capable of 
reproducing the plant or there ia a differentiation into v«^tative and 
reproductive cells. Vcgetdtive multiphcation by division of some op 
all of the cells to form daughter ccenobia. Is<^;amous or heterogamous 
sexual reproduction. 



Sub-femily I. C HLAMYDOMONADE ^. 

This division of the Volvocacese includes a number of unicellular 
Algie which are spherical, ovoid, subcylindrical, or rarely fusiform 
in shape, and are provided with a thin cell-wall and two, or more 
rarely four, cilia. The chloroplast is of variable form, but is 
typically cup-shaped and occupies the posterior region of the ceil, 
more or less surrounding a central mass of protoplasm which 
contains the nucleus. There is usually one pyrenoid, and a lateral 
pigment spot is also generally present in the anterior region of 
the cell. 

Reproduction takes place by the division of the contents of a 
cel l which has come to rest into 2. 4 , or S dftiighter-cell^. ea o.h 
o f which soon acquires the characters of the mother-c ell. The 
successive division-pla ni^ axe at ripht angles to each other and 
t he daughter-cells are ciliated moti le '"di yidnula Snmft^ ^^inipa ttn> 
vegetative cells assume a palmelloid condition, in which they 

' Whipple in Traps. Araer, Micr. Soo. isi, 1900. 

' This claesiGcation ia after Dill, 'Die Gattung ChUmydooionaa und ihre 
iioohateD VerwAndteD.' Jahrbiichei' tiii wisBenschaftlicbe Botanic. Berliii, 1895, 
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b ecome rounded and repoae in a copious mae n nf m"^'l°g" 
A kinetes are a| ?" Ttnnign ^ji tv^nr 

Sexual reproduction occurs by the conjugation of iaogamous 
or heterogamoua planogametes, which are smaller but otherwise 
similar to the vegetative individuals/ They arise as do the latter 
by the division of the contents of a mother-cell, but as many as 
64 may be produced in one cell. 

A. Vegetative cells ivith 4 cilia Carteria. 

B. Vegetative cells with 2 cilia. 

* Cell-wait tbin, closely adherent. 

+ Cells spherical, ovoid, or ellijiaoid, rarely 
fuairorm ; chloroplast definite, with one 

pyrenoid ChlamydoTnona*. 

ft Cells fusiform, 3 or more times longer than 
the diameter; chloroplaat indefinite, with 

two or more pyrenoids Chlorogoiiium. 

** Cpll-wall thin, mitstandiDg and connected by 

t»«toplasmic threads SphareUa. 

Genus Carteria Dieaing, 1868. [PiiMscus Dang., 1888 ; Cor- 
biera Dang., 1888.] The cells are spherical, ellipsoid, or cordiform, 
with a bell-shaped chloroplast containing a single large pyrenoid. 
There is a prominent pigment-spot towards the anterior end of 
the cell, and there are four cilia. The only distinction between 
this genus and Cklamydomonas is the presence of four cilia instead 
of two. 

C. muitifilu (Fresen.) Dill is a fairly abundant species in small pools, more 
' particularly of rain-water. Diam. vegetative twlls 10—16 fi (fig. 73 A — G). 

Qenus ChlamydomonaB Ehrenb., 1833. The vegetative cells 
are of variable size, spherical, ovoid, oblong-ellipsoid, or pyriform, 
and the anterior end is often slightly produced to form a small 
beak or rostrum to which are attached two cilia. The cell-wall is 
hyaline, often very indistinct, and is closely adherent to the cell- 
body. The chloroplast is very variable in form, and ia usually 
fumUhed with a single pyrenoid (rarely entirely without or with 
several pyrenoids). There are two (rarely more) contractile vacuoles 
in the anterior region of the cell, and generally a pigment-spot. 
The reproduction ie typically that described for the sub-family, 
and the wall of the zygospore may be smooth or asperulate. 

There aro about 29 known species of the genua, but the characters of some 
of tbem are not clearly evident. Little work has bem done at the British 
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species of this genus, but Chi. Kleinii Schmidle (length of cell 88—32 /i ; 

breadth 8— 12 f>; fig. 73 J and K), Chi Da Baryana Qoroscb. (breadth 12— 
20/11 fig.7»HaDdl)andC»f. 
jmlouovlu* Ehrenb^ {=ChL 
EhrtnbergiiOiovmih. \ breadth 
14 — 96 ft) are not uncommon 
in ponde, liitchea and raia- 

Conceniing Chlantydomo- 
nai Blackman and Tanslej' 
write, — "This genua holds a 
unique position among the 
Ureen Algaa,and indeed among 
the whole of the Qreen Plants. 
It may be regarded as the 
phjlt^enetic starting point of 
the various lines of Ohloro- 
pbyccous descent. The history 
of these ra a hiatorj of the 
intercalation of a vegetative 
phaae between two Bucceeeivo 
motile (Chlamydomonadine) 
generations, these motile 
phases being retained for i«- 
productive purposes as loo- 
sporeu and gametes; in the 
ougamous types the male 
gamete alone remains motile, 
and constitutes in the Arcfae- 
the last remaining representative of the Chlamjdomonadine 




Fig. 78. A— G, CarttTia multifilU (Fre«en.) 
Dill, from Bradford, W, Torkn. A and B, 
vegetative cells; D, RameteBi E, GOD}iieHting 
gametes ; F, zygospore. H and I, Chlamydo- 
moruxt Tie Baryaita OoroBoh.. from St JuBt, 
Cornwall. J and E, Chi. Kleinii Sohmidle, 
from UibriJge, Middlesex <Atl x 475). cv. con- 
tractile vacuoles; n, nuoleuB; p. p^eooid; 
tg, gamete ; i, EjgoBpore. 

goniate a 



ceU. 

" The co-esistence within the limita of an undoubtedly natural genua of 
the most primitive form of gamogeuesia (the conjugation of equal clothed 
gametes) with a gamogeneais which has the essential characteristics of truo 
oogamy is also a feature of unique interest.". 

Genua Chlorogomum Ehreab., 1830. The vegetative cells 
are fusiform, three or more times longer than the diameter, with a 
thin cell-wall eloaely adhering to the body. There are two lalia 
attached to the anterior extremity and a number of contractile 
vacuoles scattered through the protoplasm. The chloroplast is ill- 
defined, spongy and anastomosing in character, and contains four 
or five, or sometimes many pyrenoids, Franc^ describes the chloro- 
plast BA forming a regular or irregular aimular band, which may 
split into a single or double spiral. Reproduction takes plac« by 

■ Blackman de Tanaley in The New Phytologiat, 1902, vol. 1, pp. 33, 34. 
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EOogonidia, four of which arise in a mother-cell by the double 
tr&nsverse division of the contents. Sexual reproduction also 
occurs by the fusion of isogamous or heterogamous gametes. 

CiW.eMCiUorHniEhrenb. (lengthup toSOfi; breadths — 12 /i) is apparantly 
a veiy scarce British A^ of which I have ex&mined a, few specimens from 
stagnant ditches near the Lizard, Cornwall. 

Ceradiiim dongcUum Dang. (1688) would be more correctly placed as 
another apeciea of this genus. 

Qentis Sphsarella Sommerfeldt, 1824. [Hoematococcus Ag., 
1828 i Chlatngdococcua A. Br, 1849.] The 
cells are ovoid and very similar to those of 
Cklami/domonas, but the cell-wall stands out 
away from the cell-body, being connected to 
it by delicate strands of protoplasm. The 
chloroplast is bell-shaped and contains one 
or several pyrenoids. The genus is scarcely 
separable from Chlamydomonas, only differing 
in the outstanding cell-wall and the absence 
of contractile vacuoles, the zoogonidia being 
ejcactly of the Chlamydomonadine type. 

Spk. laciutrie (Qirod.) Wittr. [Cklamsdococcus 
pluvialit (Flot.) A. Br.] in abundant all c 
country in ditches, rain-pools and bog-pools. 'Qjg, 

i-^la, mhirh fmfpiant.ljr twra.Tnfl bnck-redJ 

iiMjig In tiif piiiiiMii'H liniimiiiiliii 111 ill vary ft^]m 

8 to 30 /I in diameter ; they often become encysted, and the reproduction is 
by Eoogonidia and isogamous gametes (fig. 74). The curious phenomenon 
known as "Sed Rain" owe« iin colour in a few instances to the presence of 
this Alga. Sph. nivalii Sommerf., which can scarcely be specifically distin- 
guished from Sph. lacuttrit, is the " Hed Snow " plant 

Wille' has recently attempted to show that Hi;rmatocoecu4 is the correct 
name of this genus, but I fail to hob the reason for such a change. The remarks 
made by Hazen' on the nomenclature of thiu genus should also be consulted. 



®M 



Fig.74. A-H.Sp*«. 
Telia laeutirU (Oirod.) 
Wittr., from Bradford, 
W. Totl(B. (x476). 



Sub-family II. PHACOTE^. 
This sub-family is only distinguished from the Chlamydomo- 
nadese by the thick, solid cell-wall, which on the escape of the 
daughter-cells during reproduction separates into two portions. 

1 Wille, 'Algolofriache Notjzen X,' Nyt Maf(a!iin f. NatarridenBlcal), Bd 41, 
U. 1, Kriatiania, 1908. 

■ Haten, 'The Lire-History of SphimUa lacustrii,' Mem. Torr. Bot. Club, Ti, 
ISM. p. 236. 
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The two component parts of the cell-wall are sometimes evident 
in the ordinary vegetative condition. The reproduction ia similar 
to that of the Chiamydomonadese. 

Genus FhacotUB Perty, 1852. The cell-body is ovoid in form 
and considerably flattened, so that when viewed from the side it is 
relatively narrow and biconvex. The cell-wall is thick, dark in 
colour, with a rough or rugulose exterior, and consists of two 
valve-like pieces. The cbloroplast ia large and parietal, with one 
or many pyrenoida There is a clear space of some size at the 
anterior end of the cell, and two long cilia are attached imme- 
diately opposite. The reproduction takes place by the formation 
of 2 — 8 zoogonidia in a vesicle which bursts apart the two halves ■ 
of the mother-cell- wall by a longitudinal split. 

J'. lenticidarU (Shrenb.) SteJD is Dot uucommou in Htagnant water. 

Another genus of this sub-familj is Pteromonat Seligo (1886) of which 
there are aeven or eight apeciea kBOwn from coutinental Europe. No doubt 
some of these occur in the lakes of the British Islands, but as yet there are 
ao records of them. 

Sub-family III. VOLVOCE^. 

The plants of this sub-family are composed of a motile cceno- 
bium of Chlamydomonadine cells, generally embedded in a 
considerable mucous envelope, and sometimes connected by proto- 
plasmic processes. Attached to each cell are two cilia which 
project through the mucous coat and give the ccenobium a rotatory 
motion by their combined movements. The nui" ^r "^ '^'li 
present in a aingle piynnhi'iim vaHt... frfim fniir in "n°- "pf^JAfi ftf 
Gtmium to 22.000 ia anniP fr-n-mH nf Vnl,^T. In the lower forms 
all the cells are equal and capable of reproducing the plant, but 
in the higher forms there is a differentiation amongst the cells of 
the ctenobium, some of which are purely vegetative, whereas others 
are solely reproductive cells. 

Reproduction in the lower forms takes place by the formation 
of a daughter-coenobium from evety cell of the mother-coenobium. 
The daughter-oenobium is formed within the wall of the mother- 
cell, which swells up and ultimately sets the young colony free. 
In the higher forms only certain of the reproductive cells, otleo 
termed partkenogonidia, give rise to daughter-ctEDobia. 

Sexual reproduction occurs in the lower forms by the union 
of isogamous or heterogamous planogametes which arise by the 
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division of all the cells of the ccsnobium. In the higher forms 
there is a further differentiatioD of the sexual elements into 
antherozoids and oospheres, each of which arise from special repro- 
ductive cells termed respectively androgonidia and gynogonidia. 
Genus Gonium MUller, 1773. [Indus. T^ragonium West & 

G.S. West, 1896.] Thp ^.^.n^hinTv. ig fl»f »nH plat^Ji 




Fig. 75. A, Gmtiwn pectoralr MHll., froin Cambridge. B — F, G. lactutrt nob., 
from Egber Common. Barrey. G and F shoir the farmation of new oolonlen 
{k476). 



of four or sixteen o 
[ane and 



Qidc 



Pi 



tnd enclosed i 



wllg-htly p^lv j Tnnol -°11° oi-i^ng^ in one 

■nrnmnn T""":i-i^iftiin jnYPfitmBnt The 



cells are connected by protoplasmic processes, and the cilia all 
arise from one surface of the plate-like colony. The chloroplast is 
bell-shaped, much hollowed, and contains a single pyrenoid. Two 
contractile vacuoles are present in each cell. Reproduction takes 
place by zoogonidia, which are formed four in each cell or by the 
dissociation of the colony into individual motile cells. Conjugation 
of iaogamous gametes results in a zygospore with a smooth or 
rough cell-wall. Multiplication also occurs by the development of 
daughter-ccenobia from each of the cells of the mother-ccenobium. 
O. peciorate MiilL conBifitB of a flat, somewhat ijiiadrate coloiiy of sixteen 
cellii, each of which ia 7 — 1 1 ft in diameter and of which twelve are peri|)heral 
and four central (fig. 75 A). It ]» a frequent and utriking Alga in many 
stagnant ditches aud ponds. G. lacuttre nob. [^Tetragonium lacuttre W. 
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& O. S. We6t>] poBBeasM e. colony of four ovoid cells, each of which U 
11-6— 19 pin length and 7-5— 15-6 /* in breadth; fig. 75 B— F. The anterior 
eitremity of each cell is somewhat protracted and the oilia are only vibratile 
towards their eitreniities, the movements of the ctenobium being correspond- 
ingly slu^ah. It is ft much rarer plant than Q. pectoraU and prefers the 
open irater of large ponds and lakes. It may possibly be id«itical with O. 
loeiaU (Buj.) Warming, but it appears to di^ in the grouping of the cells 
and in the nature of the cilia. 

Genua Stephancwphsera Cohn, 1852. The ccenobium consists 
normally of eight ceils arranged in an equatorial zone within a. 
tough, spherical or ellipsoidal investment. Occasionally young 
coenobia are observed which contain only one or two cells. The 
cells are ovoidal, and in the vegetative condition they possess 
several green or colourless protoplasmic processes. The zone of 
cells is situated rather towards the posterior pole of the MBuobium 
and the cilia, of which one pair is attached to the anterior pole of 
each cell, penetrate the mucous investment in the equatorial plane. 
The chloroplasts are rather irregular and contain from one to 
several pyrenoids. Multiplication occurs by the division of each 
cell of the ccenobium, after having assumed a more or less globular 
form, into four or eight daughter-cells, each group forming a new 
cosnobium. Sexual reproduction occurs by the fusion of isogamous 
gametes, 8, 16, or 32 of which are formed from the division of 
a single cell. The gametes are fusifonn in shape, conjugating 
laterally to form spherical ' zygozoospores ' which soon become 
quiescent and of a yellowish-brown coloiir. 

St. pluvialia Cohn, which is the only species of the genus, is known to 
ot/ciir b>)th in England and Ireland. It is one of the scarcest of the Volvo- 
caces and is UKually found in the rain-water which collects in the hollows of 
rocks. The cells are 6 — 12 /i in diameter and the colonies 26 — 60 ft; 
fig. 76 K. 

Genus Pandorina Bory, 1824. The coenobia are spherical or 
subspherical and usually contain 16 cells closely packed within the 
mucous investment. Sometimes coenobia of 8, or rarely of 32, 
cells are observed. The cells are pyramidal in shape and reach 
almost to the centre of the spherical colony, the pressure of 
contact often causing them to become quite angular. Two widely 
divergent cilia are attached to the broad end of each cell. Multi- 
plication takes place hy the formation of 16-celled ccenobia frwm 
each of the cells of the mother-ccenobium. The daughter-coenobia 
' West A G. S. West in Joarn. Ray. Mini. Soo. 1896, p. 160, t. iii, f. 1—13. 
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often remain within the old mucoua investment of the mother- 
(XEDobium for some time, and the 16-ciliated colonies present the 
appearance of a composite cosnobium. 




- Fig. 76. A— H, Pandorina morunt (Milll.) Bor;; A, adalt coIodj; B, flroup of 
dkaBhter-oolonies within the snollen mother- oeU-wali; from near Bradford, 
W. Yorka. (x*76). G— H, formation of lygoipore h) and it« derelopmeot 
(after FringBhsim) . K, Stephaaotphara pluvtalit Cohn, ordinar; yegstatiTe 
ooloiij (after Hieronymas, x320). ji, gamete. 

Asexual reproduction is by zoogonidia of a precisely similar 
nature to the cells of Ohlamydomonaa'. The zoogoaidia arise by 
the longitudinal division of the contents of the mother-cell, and 
each one secretes in addition to its own tnerabrane a gelatinous 
investment which ultimately forma the common investment of the 
colony. Schroder' has also described an asexual method of repro- 
duction in which the zoogonidia loose their cilia, vacuoles and 
pigment-spots, and form a new colony. The gametes arise by the 
division of the cells into 16 or 32 parts, and they exhibit con- 
siderable variability in size. Sexual reproduction occurs by the 
fusion of a pair of gametes, sometimes by the fusion of a smaller 
active (male) gamete with a larger and more sluggish (female) 
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The zygospores possesa smooth cell-walls and the 
germination is indirect, 

P. ntorum (HUll,) Bory ia abund&nt in ponds and ditches all over the 
country. The cells on 8 — 16 fi in diameter and the Monies 20 — 12 ^ (fig. 76 
A— H). 

Genus Biidorina Ehrenb., 1832. [Evdorin^la Lemmermann, 
1900.] The cienobium is globose or subglobose, rarely ellipsoid, 
and consists normally of 32 cells distantly arranged within the 








Fif;. 77. Eudoniut tlegam Ehienb. A, adult colony (x47e); B, young aolooy 
furmed by division of oontents of mother-cell ( x 73ia), &om Friiinghalt. 
W. Yorka. C — E, development of antherozoid-olueten from mother-oell ; 
P. antberozoidi (after Ooebet). 

periphery of a copious mucous investment. The cells are globose, 
with a single bell-shaped chloroplast containing one or more 
pyrenoids. Small colonies of only eight or sixteen cells are some- 
times met with. The cilia (one pair) attached to each cell are 
parallel until thoy reach the outer surface of the investment, when 
they widely diverge. Multiplication takes placis as in Pandoriim 
by the division of all the cells of the ccenobium to form daughter- 
coenobia. Sexual reproduction occurs by the union of fti^i*^""" "'' 

whjch are alip-btly larger t.han the vegetative cell s. The oospores 

There seems no valid reason for the separation of Lemmer- 
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mann's genus Eudorinella^. Chodat' also considers that the two 
deacribed species of Pleodorina Shaw* should be regarded merely 
as forms of EudoHna elegans, but the marked differentiation which 
exists between the vegetative and reproductive cells of Pleodorina 
does not support his view. 

Eiid<inna elegant Ehrenb. ie nidelj distributed in ponds, ditches and lakes 
sU over the British Islands. The cells are 10— S5 p in diameter and the 
colonies 40— 150/1,-- fig. 77. The ellipsoid colonies of this plant are Bomettmes 
described as pcesessing several mucous m&millate projections at one pole, but 
I do not find this character in British examples, the colonies of which are 
iDvariably globoee. 

Genus Volvos (L., 1758) Ehrenb.. 1830. The c tepobiu m is 
globose, consisting of a large number of small cells (200 — 22,000) 
arranged in a single peripheral layer within the mucous investment. 
The ccenobium is a h<illow sphere and the cells are connected by 
protoplasmic threads of varying stoutness. There is a differentia- 
tion of the cells, the vast majority of them being purely vegetative 
(somatic), and the remainder either parthenogonidia, androgonidia, 
or gynogonidia. Kacb cell possesses a distinct chloroplast, two or 
more contractile vacuoles, and a pair of cilia. Asexual reproduction 
occurs by the development of new colonies from the parthenp- 
gooidia, of which about 8 (1 to 16) are found in a single ccenobium. 
These parthenogenetically formed individuals become detached in 
the hollow cavity of the mother-ccenobium and are ultimately set 
free on its death. Sexual reproduction takes place by the fusion 
of an antherozoid with an oosphere. The antherozoids arise by 
the division of few or many androgonidia, which are similar in 
Lppearance to the parthenogonidia. The divisions of the androgo- 
nidia produce either a plate-like or a spherical mass of antherozoids, 
each of which is a small fusiform body, much attenuated at the 
anterior end and furnished with two cilia. The gynogonidia are 
few in number, larger' than the vegetative cells, and each one 
becomes an oosphere. The oospores are globular, either smooth or 
substellate, and their germination is direct, after a period of repose. 
Both asexual and sexual colonies occur, and the latter, which some- 
times possess parthenogonidia, may be either mon<Bcioas or 
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ditecioua. The most thorough investigations of the life-history 
of the genus have been made by Klein'. 

This genus is the culminating point in the evolution of motile 
cosDobic forms, and although the individual cells are of the 



Fig. 78. A, C, and D, Volpox aureiu Ehreab. A, moaieeioug Mioal colon; ( x 210), 
(rom Rawoliffe Common, W, Yorks.; D, ripe oospore (>:476); C, two anthero- 
loida (after Eleio). B, ripe oospore of V. globator {L.) Ehreab., from PrestOD. 
Lauoasbire ( x 4TS). a, tLadrogoaidia : an, aotberoKoid ; g, gyaogonidia. 

primitive Chlamydomoaadioe type, the entire organism, by reason 
of the differeotiatioQ of its component cells, has attained along its 
own line a state of evolution quite comparable with the structural 
differentiation attained along other lines by the highest known 
forms of the green Algse. 

The Rotifer Notommata parasitica sometimes occurs as a 
parasite within the hollow ctenobia of Volvox, swimming about 
within the central cavity and feeding on the green cells either of 
the adult or of the parthenogenetic daughter-ctenobia. 

■ Klein ■ Morpbol. u. biol. 3tiidi«D tber die Oatt, Volvoi,' Frin^ah. Jfthrbaoh. t 
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Two well-known species of Vt^vox eiiat in the deeper ponds &nd ditches 
of the tow-lying areas of the British IsUnda. They are often associated with 
Lanna, and prefer ponds which receive a plentiM supply of rain-water. The 
adult colonies of V. gtobator Etrnnb. are 680 — 800 ^ in diameter, the cells ore 
yerj numerous, the protoplasmic strands connecting them are of considerable 
thiokneHs, and the ripe oospores are substellate (fig. 78 B). V. auren* Ehrenb. 
is naually smaller than the preceding species, the adult colonies being SOO— 
6O0 ft in diameter ; fig. 78 A, C, and D ; the celk are less numerous, the'proto- 
plasmic threads connecting them are extremely delicate, and the walls of 
the ripe oospores are smooth. 

Family 3. BNDOSPHJIBRACEiB. 

This bmily includes a number of endophytic Algse in which 
the plant-body is either a simple rounded cell or a slightly 
branched ccenocyte, occurring wedged between the epidermal cells 
of aquatic or marsh-loving plants. The cells are somewhat 
variable in form and the cell-wall is sometimes thick and lamellose, 
ofben developing on one side a button-like excrescence of cellulose. 

Reproduction takes place by the formation of zoogonidia or 
planogametea, or both. In the best known genus, Chlorochiftrium 
Cohn, the contents of the endophytic cell becbme broken up by 
successive divisions, in a manner similar to that which occurs in 
Characium., into a large number of small zoogonidia or gametes. 
These are liberated by the gelatinization of the inner layer of the 
cell-wall, which becomes protruded as a large vesicle such as is 
found in the PediastreEe and many of the FrotococcaceK. The 
bicitiated gametes are isogamous and on their fusion the motile 
4-citiated zygospore comes to rest on the epidermis of the host- 
plant. Germination takes place without any period of rest, the 
new endophytic cell forcing a protuberance either between two 
cells of the epidermis or into a stoma. 

Some of these endophytic cells become akinetes and in this 
condition they pass the winter. 

There is a complete absence of ordinary vegetative division. 

Seven genera have been described, but some of these are 
doubtfully distinct. 

The researches of Klebs have shown that Cohn and other 
previous investigators were wrong in regarding certain of these 
plants as parasites, and that not merely can the endophyte live 
quite independently of its hoat-plant, but that the latter receives 
no injury beyond the little mechanical pressure exerted by the 
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growiog endophyte. The anomalous habit of these Algae is 
explained by the protection afforded by the intercellular spaces of 
the host. Freeman' has suggested that the condition of affairs 
met with in Cklorockytrium lends itself to the development of 
parasitism and that the allied genus Pkyllobium is progressing in 
that direction. 

Genus Chlorochytrlnm Cohn, 1874. The cells are generally 
solitary, globose, ellipsoid, ovoid, or irregularly curved and lobed. 




Fig. 79. A, Vegetative cell of Cklorocltylriam Lenme Cohn, from FrizioghftU, 
W. Yorks. (x475), B— D, Ceatroiphara Facciolaa Borzi ; B and t, from 
near Seaens, Cornwall ( x 47S} ; D, showing escape ol zoogoDidia (after Borzi, 

and they contain a large parietal chloroplast furnished with many 
pyrenoids. Both starch and oil are often found in the cells. 
Zoogonidia are formed by successive bipartitions of the cell- 
contents, at first by perpendicular, and afterwards by radially 
disposed walls. Qametes arise in a similar manner, and conju- 
gation takes place within the vesicle formed by the protrusion of 
the inner layer of the gametangiura. Some of the species of this 
genus are endophytes in the leaves of Lemtia, Mentha, Ruvtex, 
Lychnis, Sphagnum, etc, and others are marine, occurring in the 
thalli of various marine Algae. 

Chi. Lemna Cohn occura frequently in the leaves of Lemna Iriiulca ; diam. 
cell. 40 — 143 li ; fig. 79 A. C/il. Knyanum SzTmaoeki is found on the leaves 
of Lemna minor and L. gibba. 

The geouB Stotnatockytriam Cunningham (1888) difiers from Chlorochytriutn 
mainly in the absence of the vesicle which surrounds the gametee in the 
latter genus. This feature can scarcelj be r^arded as a generic diSerence. 

' Freeman, 'Obe. on Chlorochftrium,' Minnesota Botan. Stadies, vol. a. 
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Genus Centrospheera Bom, 1883. The cells are globose or 
shortly ellipsoid and generally occur aggregated in a more or 
less diffuse stratum beneath colonies of various members of the 
Oscillatoriacese. The cell-walls are thick and lamellose, and possess 
a projecting lamellose button of cellulose. Reproduction takes 
place by biciliated zoogonidia, which usually arise in large numbers 
from the zoogonidangia. Gametes have not been observed, 

C. Faociolaa Bond' is kDOwn (torn the south of England. Diam. of vege- 
tative cells 20 — 42 /I ; zoogonidaogiauptoSOft; zoogonidia 2 — 3fi in breadth; 
fig. 79 B~D. 

There ia acarcely any distinctioD between CentrotpAara Bom, Endo»phara 
Eleba and Sooliaotphara Klebe*, the vegetative cells being almost alike in all 
three. lu Endoiphara the reproduction is by gametes, zoogonidia not having 
been obeerved. In Scotinoip/u^ra the only observed reproduction is by zoo- 
gonidia, which oriae according to Elebe in a most extraordinary manner. 

Genus Riylloblnm Elebs, 1881. The plants of this genus are 
endophytic coenocytes which occur in the leaves of certain marsh- 
loving plants. They send out branching tubes through the inter- 
cellular spaces of the host-plant after the manner of Phyllosipkon 
amongst the Siphonese. These branched tubes may or may not be 
septate, and projecting from the sur&ce of the leaf are small, 
bright-green sweUings. The latter contain a number of radiating 
chloroplasts, each with a pyrenoid. Biciliated macro- and micro- 
gametes occur. 

P. diToorpKam Klebe, which occurs in the leaven of Ajuga, Lgtimaehia, 
^x^, baa not been observed from this country, but I have recently obtained 
what may prove to be aoother species from N. TJiat, Outer Hebrides, thickly 
shidding the leaves of damp Sphaguum, the whole tissue of the leaf being 
permeated by the branched tubes of the Pkyllohiv.m. 

Family 4. CHARACIEJB. 
The plants of this family are unicellular and they generally 
occur as epiphytes, either solitary or in clusters, on other larger 
Algta The vegetative cells are of very variable form, but in most 
cases they are attenuated and slightly oblique. There is always a 
distinct differentiation into base and apex. The base is often 
drawn out into a stalk of variable length with a disc for purpose of 
attachment, and the apex is generally acuminate. There is a 
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single parietal chtoroplaat in each cell, generally of considerable 
extent and containing one pyrenoid. 

There is no vegetative division. 

Reproduction takes place by the fonuation of numerous 
zoogonidia in each celL There is a repeated division of the cell- 
contents, several transverse divisions occurring before the first 
longitudinal division, and in a short time each portion loses its 
angular character, becomes rounded off, and forms a biciliated 
zoogonidium. The escape of the zoogonidia takes place either by 
a lateral or a terminal aperture. The pyrenoid disappears (in 
some species) during the formation of the zoogonidia, and reappears 
on their germination. Each zoogonidium on coming to rest 
develops into a new plant. 

Genus Characinm A. Br., 1849. [Hydrocytium A. Br., 1855 ; 
Hydrianum Rabenh., 1868.] The cells are fixed by a basal stalk, 




Fig. 80. A and B, Ctutracluja Fringtheiinii A. Br-i A, from Hitcham Common, 
Surrey: B, attached to a tniBtnle of Tabellaria Jiocculota, from Gunwen Moor, 
Corowall. C, Cb. lubulalum A. Br., from Wimpole Park, Cambridgeahire. 
D, Ch. eiuiforme Herm.. from Pilmoor, N. YorkB. (All x 620.) 

usually rather short, but sometimes much elongated ; in form they 
are spherical, ellipsoid, oblong, or fusiform, and they are generally 
asymmetrical. The cells as a rule give rise to 16 or 32 
zoogonidia 

Some eight or ten apeciee of the genus are known to occur in Britain, of 
which Ch. Si-sboldii A. Br. (length 40—70 fi ; diam. 20—33 n). Oh. amUguum 
A. Br, (length 15—30/*; liiam. 2'5^ /t), CL Pringiheinai A. Br. (length 
18 — 35 ;»; diaiu. 5— 11-5 ji; fig. 80 A and B) and CL ortUthocephalam A. Br. 
(length 19—33 ^ ; diam. 8—12-5 j.) are the mout general. Ch. entiforme Uerm. 
(length 65— ae fi ; diam. 3'5— 38 ft ; fig. 80 D) is the most elongate species of 
the genua. 
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Family 5. PLEUROCOCCACEiG. 

The plaata of tbia family are either uuioellular or composed of 
very short, slightly branched filaments, which consist of few cells 
and are never attenuated to form hairs. The short filaments 
are generally creeping and are often compacted into peeudo- 
parenchymatoas masses. Considerable polymoiphiam is exhibited 
by the diiferent members of this family. 

The cells are variable in outward form and contain one or 
several parietal chloroplasts, with or without pyrenoids. 

Multiplication takes place by division in two or three directions, 
and asexual reproduction occasionally occurs by the formation of 
bicihated zoogonidia. Gametes are rarely produced. 

In the two most frequent genera of the family, namely Pleuro- 
cocciu and Trochiscia, the cells are more or less globose and occur 
aggregated in large masses ; the former prefers a subaerial habitat 
whereas the latter prefers an aquatic existence. In Hormotila 
there is a marked increase in thickness of the cell- wall at one side 
only, branched colonies of cells being formed by the more or less 
complete fusion of these remarkable lamellose excrescences. 
Protoderma is usually epiphytic, and its short cell- filaments 
commonly assume a pseudoparencbymatoua character ; it is 
placed here on account of its close resemblance to certain of the 
more uncommon states of Pleurococcua. 

The cell-walls are usually very strong and firm, and the cells 
are associated to form indefinite colonies or irregular aggregations. 
This fact, and the complete absence of autospores, separate the 
Pleurococcacese fivm the Protococcacese. 

Chodat' includes in this family the genera Microtkamnion and 
Gongrosira, Algie which I have referred to a distinct family — the 
Microthamniacete — of the Chsetophorales. There is considerable 
resemblance between certain states of Plearocuccua and the young, 
germinating plants of Microtkamnion, but the latter genus has 
reached a much higher stage of development than is ever attained 
by forms of Fleurococcu^. It is very probable that the family 
Microthamniaceffi has had a direct origin from certain of the 
Pleurococcacese. 

' Chodkt in Beitrige lar Kryptoguneuflora der Sehweiz, Bd i. Heft 8, Berlin, 
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Wille^ hae placed the genus Trochiscia in the Volvocaceie in 
close proximity to Chlamydomonas, but a carefiil consideration of 
the facta of the case shows this change to be unjustifiable. The 
ordinary vegetative condition of Trochiscia is a non-motile resting 
state, zoogonidia rarely being produced ; whereas the normal 
vegetative condition of Ghlatnydomoruis (and indeed, of all the 
VolvocaceiB) is a motile one. 

Genus Pletirococoas Menegh., 1842. [Protococcm Ag., 1824 

(in part); Cyatococcus Nag., 1849; Cklorococcum Fries, 1825 (in 

part) ; Chloroapfuera Klebs, 1883 (in part) ; Pseudopleurococcus 

Snow, 1899.] The cells 
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more or less globose, 
sometimes angular by 
compression, and they 
occur frequently ' in 
groups of two or four 
due to imperfect separa^ 
tion after division. As 
division occurs in three 
directions a small cubic- 
al colony is occasionally 
produced, but this easily 
dissociates into its indi- 
vidual cells. The cell- 
walls are strong and 
firm. There is one 
parietal chloroplast in 
each oell.extremely vari- 
able in size and form, 
and with or without a 
pyrenoid. 

In moist places short filaments of cells are sometimes produced 
which exhibit a simple type of branching ; they frequently radiate ■ 
from a few central cells of an angular, more or less parenchymatous 
form. This condition is readily produced in cultures and can be 
described as the ' Protoderma-stage.' 

Vegetative multiplication tabes place by division and sub- 
sequent separation of the cells. Reproduction is brought about 
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Fig. 81. A, FteuTococctu tmlgar. 
from Cireocester, OlonceaterBhire. t3, fi. ru- 
Jaeetu (Kiitz.) Bi^b. var. tanguineut W. & 6. 8. 
WeRt. from near AnioUBe, W. Yorks. (&U x 620.) 
cM, ehloropUst; ]>. protoderma stage ; pa, polmel- 
loid state ; pg, bright red pigment ; py, pyr^oid. 
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by the formation of one or many spores (aplanosporea), by the 
pejuveneacence of the contents of a mother-cell, by biciliated 
zoogooidia, and by isogamouB gametes. The polymorphism 
exhibited by plants of this genus under various conditions of 
humidity, temperature, etc., has caused much confusion with 
regard to the identity of the different forms. 

PL mdgarit MeD«igb. is one of the comcaoneat of Algn, occuniDg in great 
profuaioD in all kinds of damp situations, on stones, walls, palings, tree-tninks, 
eta, and it uaually forms a thin green incrustation on the windward side of 
the objects on which it grows. The cells are as deacribed for the genua and 
the chloroplaat is a maaaive lobed plate containing a prominent pyrenoid. 
Diam. cells 9— 20 ft ; fig. 81 A. In H. mftteent (Ktitz.) BnSb. the cell-contenta 
are of a brick-red colour due to the preaenoe of heematochromin, which usually 
appears to be dissolved in oily material. This species has a preference for 
calcareous rocks; a variety of it (var. tanguineut Weet & O. S. Wrat) has 
been observed in the limestone districts of West Yorkshire, forming Urge 
Imlliant blood-red patches, covering those stones and rocks in the beds of 
streams which could not bo displaced by the rapidity of the current and 
which are often left dry. Diam. cells 11— 20 /i; fig. 81 B. 

Genus Trochiscia Ktltz., 1845. [Amntkococcus Lagerh., 1883 ; 
Glockiococcus De Toni, 1888.] This genua is very closely related 
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Fig. 82. A — F, Troekiteia aiptra' (Beinsch) Hanag., from TremeChiok, Cornwall ; 
A. and B, vegetative c«1!b ; C and D, formation of zoogoDidia ; E, empty ceU 
from which zoogonidia {ig) have escaped; P, palmelloid state. G and H, 
J. hirta (Beiusah) Hausg., from Cambridge. 1 and J, T. pancUpincia West, ttom 
Ben Lawera, PertliBliire. K, T. rttKularit (Beinach) Han^., from Eeiton 
Common, Kent. (All x 630.) 

to Pleurocoams, differing mainly in the external ornamentation of 
the cell-wall and in the aquatic habit. The cells are perfectly 
globose and usually occur in large aggregates in quiet water, or 
rarely on damp ground. The cell-wall is either areolated or 
thickly clothed with denticulations, spines, or other prominent 
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processes. There are usually several parietal chloroplasts in each 
cell, aome or all of which contain a single pyrenoid. Multiplication 
rarely occurs by cell-division as in PUurococcus, but reproduction 
cooimooly takes place as in that genus by the formation of non-motile 
gonidia or spores. Zoogonidia are rarely developed and the plants 
sometimes pass into a palmelloid condition {vide fig. 82 F). 

There are eight or nioe British Bpeciex of thia genus, distinguished bj tbeir 
ei temixl ornamentation. T. atpera (Reinach) Hansg. (diam. veg, cells 13'5 — 29^ ; 
fig. 83 A— F), T. aeimctifera (L^rh.) Han^. and T. reticvlari* (Beiusch) 
Hani%. (diam. veg. cells 24 — 32 /i ; fig. 82 K) are amongst the most frequent 
species met with in quiet waters. T. hirta (Reinsch) Hansg. (diam. veg. cells 
IT — 27 n ; fig. 82 O and H) is often found on damp ground near the base of 
tree -trunks. 

Genus Rodioooooiu Schmidle, 1902*. [WeateUa De Wild.*, 
1897 (in part).] The plants consist of microscopic &milies of few 
cells (generally four) arranged in a tetrahedral manner and 
enveloped in a mass of jelly. The cells are rounded or occasionally 
angular by mutual pressure, with firm cell-walls, and they contain 
a single parietal chloroplast with one pyrenoid. Beproductioo 
takes place by the formation of four daughter-cells (spores) 
tetrahedrally disposed within the wall of the mother-cell, which 
ruptures and sets them free, the remains of the mother-cell-wall 
persisting after the manner of Tetraooccua and Schizochlamya. 

The geuus is distinguished from Tetracoccas by the smaller 
families, which are enveloped in jelly, and by the tetrahedral 
disposition of the cells. The plants often occur attached to the 
under surfaces of water-lily leaves. 

There are two xpecies of this ge.aun^, of which &. nimbatut (De Wild.) 
Schmidle ( = Pleurncoccus nimbalut De Wild, ; Tefmeocciu nimbafuiSchtni^tii 
Wetldla nimhatui De Wild.) is known from Boveral parts of England. Diam. 
of cells 8 — 13 fi. In 1894 Schmidle' erroneously placed this Alga under 
Tetraeoccut and De Wildeman has further complicated mattera by creating 
the useless name WettHla. 

Genus Protoderma Eutz., 1843; Borzi, 1895. This genus 
occupies a position in the Pleurococcacese by reason of the resem- 
blance between it and certain states of PUurococcus wlgarit. The 
plants generally consist of a minute thallus of short cell-filamenta 
radiating from a small central group of pseudoparenchymatous 

1 Schmidle in Allgem. Boton. Zeitsohr. 1902, p. 41. 
* De Wildeman in BuU. dfi I'Herb. BoiBsier, ISHT, p. SOS. 
> Schmidle ia Hedwigia, 1902, Bd xli, Heft 4, p. 169. 
« Schmidle io Flora, 1894, Heft 1, p. 46. 
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cella. The cells are of a variable shape acd the branchi 
sometimes a little at- 
tenuated. There is a 
large parietal chloro- 
plast in each cell con- 
taining a single pyre- 
noid. 

P. virids Euts. (6g. 83 
A — C) is usually fouod 
epiphTtic on larger Algte, 
Huch as CoUochate orbicu- 
laris, or on the stenia and 
leaves of aquatic Phanero- 
gams, such as Caililriche, 
Elod«a, etc I have pre- 
viously Bu^eeted' that 
certain plants described 





Hanegirg' {=Endoderma 
gracUe Ue Toni) are moat ' 
probably referable to iVo- 

Uxierma viride KUtz. Fig. 83. A— C, Proloderma viride Klitz., from 

BaildoQ, W. Yoilu., epiphytio on Callitriehe ttag- 

UeDUS Hormotlla nalii; AandB. outlineBorcolODiea, x520; G, single 
Borzi 1883 The ve^e '^^^ " ''^' ^' ^i''"^^^ macigma Borzi, from 

. ' , ' ,° . BoBtou 8pa, W. Yorks. (mS20). 

tative ceils are sphen- 

cal, ovoid, or ellipsoid, rarely oblong, and from two to sixteen 
of them occur within a more or less ample, firm, gelatinous in- 
tegument, which is often coQcentrically lamellose. There is a 
large chloroplast in each cell, frequently very granulose and destitute 
of a pyrenoid. Multiplication takes place by cell-division, at first 
in three directions, but subsequently in two, and finally in one 
direction. In this way more or less moniliform series of cells are 
produced, all of which are connected by cylindrical lamellose 
integuments. Zoogonidangia arise from vegetative cells by an 
increase in size of the cell, and reproduction takes place by 
numerous minute zoogonidia, each with two cilia. Gametes have 
not been observed. 

The only known apeciea ia //. nutdgena Borzi, an Alga which I have 
ob«erved from Boston Spa in West Yorkshire. It forms an expanded, dull 

> O. S. Weal in Joum. Bot. Febr. 1899, p. 58. 

* Han«girg, ' Ueber Entooladia Beinke and Pilinia Kiitz.,' Flora, 1888, no. 38, 
t. lu, f. 6—16. 
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green stratum on the damp BurfoueB of colcareoua rooks. Di&m. of veg. cells 
4 — 12 fi; zoogonidaDgiaup to 30 fi in diameter i zoogonidia 1 — 2'&fi in breadth 
and 3 — 5 fi in length ; fig. 83 D. Chodat has observed 'Hormotila stages ' of 
a species of Pleuroeoccu*, and he also suggests that thej niaj be in part Dacty- 
lotktce Bravnii Lagcrh., but with this latter suggestion I cannot t^reei 

Genus Urooooooa Ktitz., 1849. The cells are much as in 
Hormotila Borzi, but are usually of a larger size and their conteDts 
are coloured with a red-brown pigment. The cell-wall is thick 
and lamellose, generally with a considerable increase in thickness 
on one side. There is frequently an ezBviation of the outer layers 
of the cell-wall. 

The genua is usually attributed to Hassall, but this is due to a 
misconception. Hassall, in describing the characters of his " First 
Subgenus"offi^tcmotococc(«^., stated' that "the term Ouracoccus 
might be applied to the species of this subgenus." This suggestion 
was improved upon by KUtzing, who established the genus 
Urococcus of Hassall ; but, if Urococcus is to remain as a genus, it 
must be as " Urococcus Ktltz.'" 

U. inngnii (Haas.) Kiitz. \^ — Htematococeut vraignit Haas.; CAroocooeut 
macromccui Rabenb.] is not uncommon in the bogs of moorland and upland 
districts. Diam. of cells without integument 25 — M fi, #ith integument 
41 — 78 fL It sometimes occurs in quantity amongst submei^ed Sphagnum, 
especially in peatj pools. 

Family 6. HTBRODICTTACEJE. 

In this family of the Protococcoidese the plant-body consists of 
a non-motile ccenobium of ccenocytes which floats freely in the 
water. The ccenocytes are arranged either as a flat plate or after 
the manner of a net, and they are of veiy variable form. In 
E\iastropaie there are only two cells (ccenocytes?) in the ccenobium, 
in Pediastrum there may be more than fifty ccenocytes, and in 
ffydrodictyon there are often many hundreds, the c<BnQbJum 
reaching a length of several centimetres. 

Multiplication sometimes occurs by the formation of autocolonies. 

Reproduction takes place by the development of hypnoapores 
(usually aplanospores), by the formation of new ccenobia by the 
apposition of biciliated zoogonidia which have become quiescent, 
and in some by the fusion of isogamous gametes to form a zygo- 
spore. The germination of the zygospore is indirect. 

' Hassall, Brit. Fieshw. Alg. 1845. i. p. 322. 

" Kfltzing, Spec. Algar. 1B49, p. 20B. Vidt West & G. S. Weat in Joiira. BoL 
June, 1897, p. 239. 



n,s,t,..dDi. Google 



HydrodictyaceiB 207 

The method of reproduction by the apposition of quiescent 
zot^nidia to form new coenobia distinguishes the Hydrodictyacete 
from all the other Protococcoidese, anv the coenocytic nature of the 
ctsDobium also distinguishes them ^m the coenobic forms of the 
Protococcaceee (or Autosporace^). 

It is most likely that ffydrodictyon and Pediaairum have no 
direct aCGnity, the resemblance being due ■ to convergence of 
modification, but until more is known concerning the phylogenetic 
relationships of these genera the Hydrodictyacese are best divided 
into the two following sub-families: — 

Sub-fumly 1. fft/drodictgeai. Kew cceaobium (brmed by appoeition 
of zoogoDidia withiD the tDOther-cffiDocyte. Plants macroeoopic, creno- 
cjtes arranged in the form of a net. 

Sub-family II. Pediatlrece. N^ ctenobium formed by appoflitiou 
of zoogonidia outside the mother-oa^nocTte. Plants microscopic, oceno- 
cytea arranged to form a fiat pUte. 

Sub-family I. HVDBODICTYE^ 
This sub-fe.mily includes only the one genus Hydrod%d,yon. 
The plants are macroscopic and consist of very large ccenocytes 
which are disposed so as to form a more or less cylindrical net. 
The zoogonidia swarm and become quiescent within the wall of 
the motber-ccenocyte, and there they become apposed to form the 
new ccenobium. 

Genus Hydrodictyon Roth, 1800. The coenobium is a net- 
like sac, freely floating in the water, and reaches a length of 8 — 10 
centimetres. The meshes of the net are of variable* size and each 
one ia bounded by either five or six ccenocytes, the angles being 
formed by the junction of three ccenocytes. The protoplasm of 
each ccenocyte is confined to a lining layer containing many nuclei, 
the central portion of the segment being occupied by a large 
vacuole. . There are no definite chloroplasts, the chlorophyll being 
more or less diffuse through the whole protoplasm, but numerous 
pyrenoids are present. 

The normal method of reproduction is by the formation of a 
very large number of zoogonidia within the mother-c<Bnocyte, 
which swarm within the wall of the segment and then become 
quiescent, immediately forming a reticulated daughter-ctEnobiura 
by the apposition of their extremities. The old cell-wall then 
ruptures and the young ccenobium is set free. The zoogonidia are 
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biciliated ; they poseesB one nucleus and coQtaia a single pyrenoid, 
but 88 the young reticulum increases in size the pyrenoidB of each 
segment multiply rapidly, ^imbertake' states that the swarming 
condition of the zoogonidia cl^ be induced by the use of a reagent 
composed of 100 c.c. of 1 per cent, solution of iridium chloride and 
3 c.c. of glacial acetic acid. H9 points out that the cell-contents 
first break up into large multinuclOfited masses, which in turn 




Fig. 84. Hydrodictyim rtticulatum {L.) Lairarh., from the BiTsr Lea. A, nat. iise ; 
B, Bmall poitioDof ayou'ngoolony (xllO); C, p*rtof aUrgeaceDOtjteaoDtBin. 
ing s vei7 joxmg mlonj ( x 110) ; D, quiescent zoogonidia ( x 480) ; E, zoogo- 
nidia wbich are becomiDg apposed to form a new colony ( x IBO), p. pTreooid ; 
F, slightlf older oceaa«;te witli foor pfrenoidg (p), x 480. 

break up into smaller masses, until each mass contains a single 
nucleus. Reproduction also occurs by the union of isogamous, 
4-ciliated gametes, which escape from the mother-ciEnocyte by a 
lateral pore. The gametes are smaller than the zoogonidia and 
their escape is preceded by a swelling of an inner layer of the 
cell-wall. This inner layer ruptures the outer layers and protrudes 
as a vesicle in which the gametes swarm. On becoming free 
they conjugate in pairs'. The zygospore is globose and after a 
i, 1901, p. 203. 
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short rest forms two or four large bicitiated zooapores, which on 
coming to reat assume a polyhedral form. The repeated division 
of the oell-contents of these polyheoral bodies results in the 
formation of numerous zoogonidia, wfiich by apposition give rise 
to new net-like ccenobia. 

The division of the protoplasm of the adult cells of this genus 
to form either zoogonidia or gametes is a splendid example of free- 
cell-formation. 

The osly known apeciee, B.relicuiatim (L.) L^ertL, which has received 
the n&me of the "Water-net," is a very t%e plant in Britain. The averse 
length of the adult ccenocjtee just before, the; become zoogonidangia in 4 or 
fi mm., but tbej are known to fcttain a length of 1 cm. The length of the 
quiescent zoogonidia at the time of the(r apposition is 13'6 — 2S /l The 
Bwarming zoogonidia are lOft in length bj 9/i in breadth and the gametes are 
a little smaller. Fig. 84. 

Sub-family II. PEDIASTRE^. 

The plants of this sub-family are microscopic in size and consist 
of a nnmber of small ccenocytea united to form a flat, disc-like 
ccenobium. The zoogonidia swarm in a vesicle which is protruded 
from the mother-ccenocyte and the new coenobium is thus formed 
•outsidethe old coenocyte. 

Genus PediaBtrom Meyen, 1829. The cosnobium is always a 
free-floating, flat plate, disc-shaped or star-shaped, and consists 
of a single layer of small c<enocytes which is rarely duplicated in 
the centre. The ctenocytes are either parenchymatous and closely 
united, or there are perforations of variable size between them 
which give the c<enobium a sieve-like aspect. The marginal 
C(Enoc3ftes are of different form from those in the centre and they 
are generally furnished with a pair of diverging processes. There 
is a single chloroplast in each ccenocyte, containing one pyrenoid. 

The number of ctenocytes in a ctenobium varies from 2 to 64, 
or even more. Coenobia of two coenocytes are very rarely observed, 
and possibly belong to the genus Euastropsis, but in one species 
(P. tetrtu) four is the regular number. The ccenocytes are often 
amtnged in distinct rings round a central one, 8, 16, 32, or more 
being the number in the coenobium. Nageli' pointed out that 
the cffinobia were usually constructed as follows: — Colony of 

> Niiteli, Oatt. tinzell. A]g. Zurich, 1849. 
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8 = 1+7; colony of 16 = 1 + 5 + 10; colony of 32 = 1 +5 + 10+ 16; 
but this airaDgement is not always observed. 

Multiplication occure ib some species by the formation of 
autocolonies which arise by t\e division of the contents of a single 
ccenocyte. Hypnospores are also frequently formed (fig. 85 E h). 
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Fig, 86. A, Ftdiiulrum integrum Nag., from B«d Lawera, PerthshiTe J x 47S}. 
B, P. trUomatunt fiorge, fiom Glen Tummel. Perthsbire (x475). C and D, 
P. lelrai (Ebrenb.) BaJrs, ham PUmoor, N. Yorks. (x475). E, P. duplex 
Meyen, from Lough Fea. Londonderrj, Ireland ; hjpnoNporei (h) { x 475). 
F— H, P. Boryaaum (Turp.) Menegh.; G, Bbowing escape ot EOotjODidJa; 
H, young colony formed by apposition of qnieecent zoogonidia ; F, trom 
FrizinghaU, W. Yorks., x 475 ; G and H, x 220 (after Kemar). I, two margiosl 
cells of P. glanduli/tnim Eenn., from BiBley Common, Surrey. J— L, zoogo- 
aidtB and gametes of P. Boryamim (after Askenasy); J, zoogonidia and K, 
gamete (x500); L, conjugation of gametes to form zygospores (i) {gametes 
X 7?0, zygospores x 220). 

Reproduction takes place by the successive division of the 
contents of a coenocyte to form a number of zoogonidia, which are 
suddenly liberated into an external vesicle through a slit in the 
wall of the mother-ccenocyte. The zoogonidia swarm in this 
vesicle and at length become quiescent, arranging themselves in 
one plane as a new ctenobium. Biciliated gametes have been 
observed by Askenasy', which are much smaller than the zoogonidia 
' AskeDosy, -Entwickl. von Fediastrum,' Ber. Deutsch. Bot. Oesellsch. vi. 1888. 
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and conjugate in pairs, the zygospore being polyhedral in form. 
A new ccenobium nrises by the segraeniation of the contents of 
this polyhedral body. 

The 83>ecies of this genus exhibit great variation in the 
characters both of their central and marginal cells, the length of 
the marginal processes, etc. ; especially is this the case in cultures. 
Their natural habitat is in small ponds and ditches amongst other 
water-plants, and not uncommonly in quiet bog-pools. Sometimes 
they are numerous in the freshwater plankton. 

The two most abundant species lire P. ,BoTyanum (Turp.) Menegh. (fig. 85 
F— H aod J— L) and P. tetrat (Ehrenb.) Ualfs (fig. 85 C and D), the former 
eometimss reaching a relatively lat^e size (200 fi in diameter). The mai^nol 
proceases of P. Birryanum are extremely triable and tbe cell-walia are often 
granulated. P. utrat generally occurs in cienobia of 4 (diam. 10-6—18 /i) or 
8 (dium. 22—28/1) cells. P. duplex U»j-en 1829 (fig. 85 E) (=P. perttimm 
Kutz. 1845) is also a widely distributed specice. P. timpUx Meyen ( = P. 
elalhraiUTn; Lemm,) and P. integrupi Nag. (fig. 85 A) are much rarer species. 
P. Boryanvm and P. duplex are the most abundaot species in the plankton. 

Genus Eaastropsls Lagerh., 1894'. In this genus the 
ccenobium is free-floating and consists of two flattened cells, 





Fig. 86. EiuulTopii* Riehttri (Sohmidle) Lagerh. A and B, from near Benens, 
Comirall ( v 760). C — B, showing formation of yoang ocenobia (after Lager- 
beim ; highly magnified). 

which are closely applied along their straight inner margins, the 
outer margins being widely notched. The entire coenobiura has a 
certain resemblance to a minute species of the genus Euastrum, 
and was originally described as such*. There is a single parietal 
chloroplast in each cell containing one pyrenoid. Lagerheim 
describes the presence of one nucleus in each cell, but suggests 
that there may be more. Reproduction occurs by oval, biciliated ■ 
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zoogonidta which swarm io a vesicle aa in Pedi(utrum. On 
becoming quiescent they arrange themselves in paire and assume 
the form of the adult cells, each pair forming one osnobium. 

K Rkhtmi (Scbmidle) L^erh. is only known in the British Islanda from 
Comwall. Length of ccenobium 10 — 40 it, breadth 6 — 25 ft (tig. 86). 

Family 7. PROTOCOCCACE.S (or AUT08P0RACE.S). 

The Algse included in this (amily are free-floating, solitary 
or colonial, and are jnost commonly associated to form minute 
colonies of a definite constniction. The cells are sometimes firmly 
united to form a definite ccenobium, as in CoeloBtrum. and Sonustrum, 
but as a rule the colonies easily dissociate into single cells or 
smaller groups (or families) of cells. With few exceptions there is 
very little mucus surrounding the colony. There is generally one 
chloroplast (sometimes many) in each cell, parietal or occupying 
the whole cell, and with or without a pyrenoid. There is one 
cell-nucleus. 

Multiplication takes place by the successive division of the 
cell-contents either to form spore-like bodies which assume the 
characters of the mother-cell before being liberated, or to form 
colonies which on liberation resemble the mother-colony in all 
except size. These are known respectively as avtoapores and 
aiitocolonies. Multiplication by autospores, although such a 
characteristic feature of the Frotococcacc^, is not confined to this 
family, as it occurs in Pediaatrum, Radiococcus and certain other 



Reproduction by zoogonidia or gametes is unknown except in 
the genua Dictyoiphmrium. 

The Algfe of this femily are well marked off from the Pleuro- 
coccaceie and PalmellaccEe by their definite colonies and by their 
method of multiplication. They are little removed from the most 
primitive forms of green Algsa and a few of them are capable of 
profound modification by cultivation in different media. In their 
natural state, however, they exhibit a remarkable constancy of 
character and many of them are ubiquitous in all climates. 
The family is best subdivided into the seven following groups : — 

Sub-family I. Ccdattrea. Cells primarily globose or broadly 
lunate, forming a definite spherical or polyhedral coenobium. 

Sub-family II. CmdgtnUm. Cells of variable form, arranged in a 
regular flat plate. 
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Sub-familr III. SeUna*trta. CeUs elongated, often greatly at- 
t«iiuated and frequently curved; solitary or ajisociatod in definite or 
loosely coherent colonies. One chtoroplsst in each cell. 

Sub-family IV. Oocyiddea. Cells globose, ellipsoid, reniform or 
sometimes sublunate. Lla tighter- cells generally retained in the en- 
larged wall of the mother-celL Several or many cblomplasts (rarely 
one) in each cell. 

Sub-family V. Tetraidriea. Cella solitary ; flattened and angular, 
with a definite number of angles, or tetrabedral, octahedral or poly- 
hedral Angles generally furnished with simple or furcate spines. 

Sub-&mily VI. Phytheliea. Cells globose or ellipsoid, solitary or. 
colonial, furnished with two or more long attenuated bristles. 

Sub-family VII. Dictj/otphwrittr. Cells globose, ellipsoid or ovoid, 
associated to form colonies, and joined more or less completely by the 
petmstwit old walls of the mother-cells, which sometimes become trans- 
formed into special connectiog-threada. 

Sub-family I. CCELASTREJE. 

This is the only group of the Protococcaceee in wbioh there is a 
definite and regular ccenobium of spherical or polyhedral form. 
The cells are either globose or polygonal, with or without short 
projecting processes, by means of which they are united to form a 
hollow sphere ; or they are broadly lunate and united at the centre 
of the spherical colony by short stalks. Multiplication is by the 
formation of an autocolony in each cell of the coenobium, which is 
ultimately set free by the dissolutioB or splitting of the mother- 
cell-wall. 

Qeniis Coelaatmm N&g., 1849. [Hariotina Dang., 1889.] The 
cteDobium, which is spherical or polyhedral, is hollow and is corn- 




Fig. 87. A, CalattTuta eambricum Aroher, from Lough Oartan, Donegal, Ireland. 
B — D, C. tphtericum Vig. ; B and C, small ccenobia from pear PeuEanoe, 
Cornwall) D, large ctenobia giving rise to daagbter-ooeuobia (aatocoloniee), 
from Bownew, Westmoreland. (AJl x479.) 



1.;. Google 



214 ChlorophyceOB 

posed of a variable number of cells united by their lateral margins 
to form a single peripheral layer. In some species the cells are 
globose, in others more or less angular, and in others they are 
furnished with projecting processes by means of which they are 
joined together. The latter forms exhibit intercellular spaces of 
variable size and the cells are often famished with a truncate 
projection (rarely two) on their free outer surfaces. The maximum 
number of cells observed in a single colony is 04, but in most 
species the number is 8, 16, or 32. Each cell contains a single 
chloroplast with one pyrenoid. The multiplication is by typical 
autocolonies, which are liberated by a split in the wall of the 
motber-cellB or more rarely by the entire gelatinization of the 
mother-cell-walle. Single aporea are sometimes developed from 
individual cells. 

The two moet frsqueot Bpecies are C. tphcericam Nag. (diam. ctenob. 
18—92 ^ ; diam. cells 4 — 23 /» ; fig. 87 B— D) and C. eamhrieam Arcb. 1868 
(■•C. pidckrum Schmidle 1892); fig. 87 A. In the former species the oells 
are Eomewhat conical with a polygonal base, and in the latter apecies thcj are 
more or lees distinctly lobed and farniehod at the same time with a truncate 
Hurface projection. 0. cuhicitm Nag., C. microporum N^., C. verrucoiUM 
Reinsch and C. probotcideum Bohlin are species of considerable rarity. 




C. reliculatam (Dang.) Senn, which was made the type of the genus 
Hariotina by Dangeard, differs from all other species in the nature and dis- 
position of the processes of the ijells. The ccenobiuia consists of 4, 8, or 16 
.cells, and the young autocolonies are retained for a relatively long period 
within the walb of the mother-cells. The processes of attachment of the cells 
are narrow prolongations, often curved, and sometimes irregularly diapoaed. 
Thia plant has aloo been named C. lubpulckmm by Lagerbeim and C dittaiu 
by Turner, but Dangeard'a name' takes precedence. It is known from 
Donegal, Ireland*, and large colonies are not infrequent in the plankton of 
Lough Neagh. Diam. oella 6—34 /* ; fig. 88, 

' Dangeard, ' MSmoire but lea Algues,' Le BotaniBto, 1889 : Chodat & Huber in 
BqL. Boc Bot. Prance, tom. zli. 1891. 

1 West £ Q. 8. West in Joutq. Bot. March, I90S. 
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Genus Sontstmm Ktitz., 1845. [Selenosphf^um Cohn, 1879.] 
The c(enobium is globose, consisting commonly of 16 to 64 (rarely 
4 or 8) stalked ceils, the 
stalks uniting in the 
centre of the ccenobium 
to form a small faceted 
sphere. lu small colonies 
the stalks of the cells are 
very short and the central 
sphere is not always ap- 
parent. The cells are „, „ . , „- > 
i I, . , Pig- B9. Sonutrum iplnalomm Nag., A, 
broadly sublunate, rem- ■DMUocenobiam[romPi1maor,N.YDTkB.{x4TE); 
form, or subtriangular in B, Urge wBnobiam from Clifden,G«lwar.IreUiid 
, , , * . (x450), 
shape, and each extremity 

is furnished with two spines (rarely one) of moderate length. 
There is one chloroplast, containing a pjn-enoid, in each cell. 
The multiplication is by the formation of autocolonies, but the 
details have not been worked out. 

The British species UBUttllj' met with is S. tpinulotum Hi'ig. ; diam. of 
cisnobia 31— 90/i; length of cells without apinea 11— S6^; &g. 89. It ia a 
scarce plant occurring in bcg-poole or amongst aquatic Phanerogams in the 
quiet margins of lakes. S. Amerieauum (Bohlin) Scbuiidle occutb in the 
freshwater plankton of the Outer Uebndea. 



Sub-family II. CRUCIGENIE-E. 

The coenobia consist of few or many cells regularly arranged in 
the form of a flat plate. The cells are very variable in form, 
generally somewhat roundod, and occasionally ftunished with spines. 
They are disposed in groups of four, the latter being held in 
position by a tough mucilage. In some the chloroplasts possess a 
single pyrenoid, but in others pyrenoids are absent. 

The multiplication is by autocolonies, which in some cases are 
set free almost immediately, but in others remain for some time as 
part of the mother-colony. 

Qenus Cmclgenla Morren, 1830. [Staurogenia Eiitz., 1849 ; 
Lemmermannia Chodat, 1899; Willea Schmidle, 1900.] The 
ccenobium consists of 4, 8, 16, or 32 cells arranged as a flat plate 
and held in position by a mucilaginous envelope, but under 
lavourable conditions of environment as many as 128 cells have 
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been observed in one colony'. Even in the large colonies the .cells 
are distinctly arranged in groups of four, the cella of each group 
being closely adherent except in the centre, where there is usually 
a small quadrate or rhomboidal space. The cell-walla are smooth, 
and each cell contains a single chloroplaat with or without a 
pyrenoid. Multiplication occurs by autocolonies of four cells pro- 
duced by the cruciform division of the contents of a mother-cell. 
Schmidle* has given a good account of this genus under the 
name of ' Stauroffenia,' and has also described the formation of 
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Chodat has separated the genus Lemmermanma &om Crucigenia 
mainly owing to the absence of a 
pyrenoid from the chloroplast. For 
the present I prefer to regard the two 
as identical. There is no difference 
in the structure of the colonies and 
the mode of multiplication is pre- 
.-JK^ .■jhr. cisely the same in each, th^ daughter- 

iWff" ^BP^ cells pereistently remaining as parts 
a H of the mother-colony in several 

Fig. 90. X-CCrHcigaiiaTtet- Species of Crucigenia as well as in 
on^ubru (Nig.) Gaj, from Longh lemmsrmannia. In all the speei- 
Shwinacloontippen, Oatway, Ire- , , , . ,. « ■ ■ 

tandi C, witb fonnation of aato- mens 1 have observed of Uruciffenta 
Z^.£ntS„iw:YV^t J'.lmprii.whiohw.Bthepl.ntupon 
c. Tetrapedia (Einiha.) w. A (i. s. which Chodat founded the genus 
W»t, from pknkton of L. Nwgh, lemmermannia', there was the same 
Ireland. G and H, Tetratirum n • i 

staurvgmia^armt (Sohrfld.) Cbod., small gap m the centre of each group 
from DBar Rie^uli Abbey, H. ^f foy^ ^^^ that is present in all 
Yorks. (All xsao.) r ,-. ■ ■ 

other species oi triunff^ita. 

C. reeiangvlarii (N^.) Oaj ia the moHt ft«quent gpecies of the genus; 
length of cella 0—9 ii ; breadth 4—6 fi ; fig. 90 A— C. C. quadrata HmTeD 
1630 (— ?C triangvlKtrid Chod. 1900) ia a much raje^r appciea ; diam. cella 
6—5 5;.; fig. 90 D and E. 0. Tetrapedia (Kirchn.) W. & Q. 3. West* 
{ = Lemmermannia emarginata Chod.) is known from the plankton of Lough 

■ Weat & O. S. West in Ann. Bot. xii, 1698, p. 36. 

» Schmidla in Beriohta Dentsob. Bol. Gesellsoh. 1900, Bd iviU.jpp. 149—167. 

■ Oniler the beading of LtmrneTmannia tmarginata, Chodat (in BeiCrige sur 
Kr7pt..fl. Sohweiz, Bd I, Heft 3, 1902, p. 322) makes some irrelevant remarks 
oonEerning Tetraidron penlaidrica W. & G. S. West (which, for some reason, he 
Beema to think nai deitaribed as a Ttlrapedial) and Tetraptdia morta W. A O. S. 
West, which olearlj show that he is qaiCe nnaoquainted with either the pablisbed 
descriptions or flgarea of the plauts in question. 

• Weat A G. 8. West in Tians. Boj. Irish Aoad. vol. xuii, seat. B, part i, 1009, p. 6S. 
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Nea^, Ireland ; diam. celle 4'8 — 9'S /i ; diam. cffioob. of 4 cella lO'O — 15'5 ^ ; 
fig. 90 F. All the iq»eoies ore regular constituento of the freshwater plaoktoc 
C. irregularit Wille' is Icnowu from the plaDktoD of several locha in the 
Shettands, and from Norway. It is a most interesting speciea, diSM&g from 
C. rtetanffvlarit only in the somewhat irr^ular colonies and the aboence of 
pjrenoids from all the cells of the colony. Some of the cells in a colony of 
C. reeUtngvltm* are often destitute of pyrenoida, and Wille was quite right 
in placing his Norwegian pluit (C irregvlarU) as a species of Orueigenia. 
Unfortunately, however, the useless generic name ' WUUa' has been put for- 
ward by 8chmid1e> tu include Crucigenia irreffviarit. This genus is simply 
founded upon the absence of pyrenoidH from all the cells of the colony ; and 
Lommermann' has sioco placed ' WilUa' aa a subgenus of Cohnielia, also 
owing to the absence of pyrenoids ! Surety, in WilUa, Lemmermanma, and 
Lemmermanu's BUggestion that Willea shoidd be a subgenus of Cohnialla, the 
climai of absurdity has been reached with regard to the presence or absence 
of pyiBDoids as a generic distinction. . No one who has been fortunate enoi^h 
to observe colonies of Cruciffenia irregjUaru could dispute their close affinity 
with forms of C. reclantfularu. The former species has most likely bad a 
direct origin from the latier. 

Qeous TetraBtmm Chodat, 1895. [CohmeUa SchrSder, 1897.] 
The Goenobium consiBta of four cells arranged in one plane and 
surrounded by & thin mucouB envelope. The cells are rounded or 
somewhat angular, and they possess from two to five spines of 
variable length on their esteinal margins. The multiplication is 
by the formation of autocolonies of four cells in each mother-cell. 
Pyrenoids may be present or absent. The genus only differs from 
Cfmciffenia in the presence of the marginal spines and in the 
regular 4-celled condition of the coenobium. 

The only two known specieii of the genus are T. /itteracantkum (Nordst) 
Cbod. and T. Staurogeniaforme (SchrOd,) Chod. The former is known from 
West Ireland and the latter (fig. 90 Q and H ; diam. of cells without spines 
3 — 6 ft) occurs in North Yorkshure. 



Sub-femily III. aELENASTBE-E. 

This group of the Protococcaceie is characterized by the elon- 
gation of the cells, which are often veiy narrow with the extremities 
attenuated to fine points. They are frequently lunate or arcuate, 
and may be solitaiy or associated to form colonies of a more or less 

1 Wille, 'Aleologisohe NotiMn IV,' Nyl Uagazin lor NatDiTidenakb. Bd 38, 
Heft 1, 1900, ^ 10, t. 1, t. 16. 

• " p. 157. 

fu Bniobte DentMh. Bot. OMeUseh. liWl, Bd »ii, p. S3. 
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fragile character, the celU in some instances being held in position 
only by the enveloping mucus. There is a single chloroplast in 
each cell, which may contain one or several pjrenoida or may be 
destitute of them. In rare instances the chloroplast is fragmented. 
The cell-wall is firm but delicate. 

Multiplication is principally by autospores and autocoloniea, 
and this often takes place by the oblique division of the contents 
of the mother-cell. 

The follnwiDg genera of the Selenastrese are British : — 
A. Cells or coloniea almost destitute of mucus. 
* Cells attenuated to acute apicee ; multiplication by 
oblique division of contents of mother-cell, the 
daughter-cells often remaining looeel; attached 

by their apices Daetglocooctu. 

** Cells eUipsoid or much attenuated, forming more 
or lees definite colonies couBistit^ of a row of 

cells in one plane Soensdetiwu. 

*** Cells sublunate or ellipsoid, arranged in groups 
of four in one plane, the gruups being attached 

to form an irregular colony Dtmorphocoeca*. 

**** Cells elongate and acittely attenuated, often 
lunate, solitary or loosely grou|)ed iu irregular 
bundles, 
t CelU of moderate length, usually with not more 

than one pyrenoid AtiHtlrodetmnt. 

tt Cella greatly elongated, pyreiioids numerous... ClotterioptU. 
•••** Cells ovoid, oblong, or club-shaped, often at- 
tached by their apices to form radiating colonieit AetxTuatrum. 
■"■•"■ Cells attenuated, lunate, arranged back to 

back to form definite colonies SdenattriHit. 

fi. Colonies enveloped in a copious mucus. 
Cells lunate or much curved, disposed more or lees . 

irregularly in the enveloping jelly EvvhtterieUa. 

Genus Dao^lococcuH Nag., 1849. [Indus. Coccomyxa 
Schmidle, 1901.] The cells are ellipsoidal, fusiform or pynfbrm, 
often sublunate and generally with acute apices, which are some- 
times unequally prolonged into spine-like processes. They occur 
solitary or loosely connected by their acute extremities to form 
fragile colonies of few cells. The chloroplast is single and parietal, 
and sometimes containa a single pyrenoid ; occasionally it becomes 
iragmented into two, three, or four parietal pieces. Some species 
are truly aquatic, but most of them occur on wet rocks and moist 
sur&ces, forming a dark green mucous stratum. Multiplication a 



n,s,t,..dDi. Google 



Protococcae&s 219 

by the oblique longitudinal division of the contents of the mother- 
cell. 

D. bieaudattu A. Br. is a lunate species with the apices great!; prolonged 
and its chloroplast is destitute of a pTrenoid ; length of cella 13—39 /i ; diam. 
of cells 2-5— ft'8;i; fig. 91 A. D. ditpar W. & G. S. Weet is unequally 

fig. 91. A, Dactylococeui bicaitdatia A. Br., from near Bradford, W, Yorks. 
B and C. D. bteaudatiu var. ivbramotut W. k O. S. West, from Widdale Fell, 
N. TorkB. D, D. diipar W. * O. 3, West, from Dorking, 8arrej, (All x 520.) 

developed at the extremities and the cells frequently become irregular; 
fig. 91 D. The Alga described as Z>. Debar^anjis Reiuach, which often occurs 
in large numbers as an epiph;t« on Cyclop* and other amoll Crustacea, is a 
species of Characium. 

There is little doubt that D. infanonum Nag. is merely a stnte in the life- 
history of Scenedetmu* obliquut (Turp.) Kiitz. It is uBuallj aquatic and often 
occurs in immense quantity in the water of flower-pots and in aquaria. It 
exhibits great variability of form and its chloroplast commonly contains a 
)>yTenoid ; length of cells T'5— 19 (t, breadth 28— O'Sfi. 

Qenus SoenedeBmns Meyen, 1S29. In this genus there is a 
. ccenobium of more or less definite form, consisting of a variable 
number of cells arranged either in a single row or in two alterna- 
ting rows. The cells are generally disposed in one plane and in 
some species the terminal cells of the row differ considerably from 
the central cells. There is a wide range of variation in the form of 
the cells, which may be ellipsoid, oblong, or fusiform, and the 
extremities of all the cells of the ctsnobium, or of the terminal 
cells only.jnay be fiimished with one or more spines. In some the 
. ceils are longitudinally ridged and in others spines may be 
attached to the middle region of the cells. There is a large 
parietal chloroplast, often completely filling the cell, and generally 
containing a single pyrenoid. Multiplication takes place by the 
formation of autospores and autocolonies, and rarely by globular 
reeting-spores. In cultures these plants have been said to pass 
into a palmelloid or gloeocj^stiform condition, 

n,s,t,..dDi. Google. 



220 



Chloropkyc&e 



Qrintzesco' has shown tbat reioarksble malformations of 
Sceaedeamua obliquus can be produced by cultures in a nutritive 
medium of agar and glucoae, and that this Alga poaaesses the 
physiological property of liquefying gelatiue. He finds a Dacty- 
lococcus-Bt&ge equivalent to Nageli's D. infuxionum, and he 
attributes the extensive geographical distribution of this plant to 
the ease with which it adapts iteelf to different media and different 
temperatures. 




Fi^. 93. A, Sctutdennut ohliquut (Turp.) EUtz.. from Bradford. W. Torks. B. the 
etale of S. oblinuat known u Dactylococciu infaainimm Nog., from Bowneas, 
Wertmorelsiid. C, S. bijugattu (Turp.) Kiitz., fFom Turioaa tocnlitien. V—^< ■ 
S. quairieauda (Tarp.) Br6b., from Bradford, W. Yoika. G, S. qaadricmii* ' 
var. ftomdiu Eirohn., from S.E. Sane;. H, S. quadricauda vai. moiinw 
W. & G. S. West, from Pilmoor, N. YorliB. I— K, S. dentieulatiu LcRerb. w. 
linfarii Haaig. ; I and J, from Weatmorelaad', S., from Majo, Ireland, h, S-<P>~ 
cafiuW. AQ. S. West.tromSallbum.N. YoTks. (AllxBSO.) aul, aotocMloniM. 

There are about 10 Britisb species, of which S. qvadrieauda (Turp.) "Bti^ 
(fig. 92 D— F). 5. bijugatut (Turp.) Kutz. ( =S. obtu*n» Meyen ; fig. 92 C) and 
S. obliqam {Taip.) K.\Xtz.{—S.acvtu» Meyeo; fig. 92 A and B) are general and 
abuudant All three apeciea var^ much in size and also iti general charaden; 
thej are regular constituents of the freshwater platiicton, but occur most 
abundantlj io st^nant water, eapeciallj in association with PtdiattrVi 
Boryaiium, Calattrum upharicum, etc. The cells of tha largest forms "f 
S. qaadricawia reach a length of 30 /t^and a breadth of 14 /l S. dmitictdatu' 
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I^gerh. Tar. Iinearu H&nBg. (fig. 92 I — R) is widely distributed, but rarely 
oocun in such abundance tw the three preceding species. The cells of S. cot- 
taltu Sohmidle and & acutiformi* Schrtider possesa prominent longitudinal 
ridges. S. Hyitrix L^erh. and S. granvlatw W. & G. S. West are very 
uncommon species remarkable for their eitemal ornamentation. 

Genus DimorphooooouB A. Br., 
in composite colociee, each colony 
consisting of an irregular agglome- 
ration of definite groups of four 
cells. The cells of each group are 
disposed obliquely in one plane and 
are of two kinds; the two central 
cells are ellipsoid or oblong and the 
two outer cells are sublunabe. The 
groups of four are held in position 
by irregular portions of thewld waits 
of the mother-celle. There is a large 
parietal chloroplast with one pyre- 
t noid. Autocolonies of four cells are 
produced in each mother-cell ; these 
remain attached to the parent-colony 
until the latter becomes too lai^, 
when it breaks up into several 
smaller colonies. 

3 a rare plant in 




Fig. 9S. Dimarphoeoeetit luna- 
tut A. Br. ; A, ttom (he plankton 
of Ifoob Hor Bharabbaii, Lewii, 
Onter HebrideE; B, from Bowness, 
WeitmoTsIand ( x 630). 



D. Iunatv4 A. 

plankton, bnt is met with more often in the small tarns of mountainous dis- 
tricts. The colonies are 07 — BSfi in diameter and the cells 11 — 2G fi in 
length; fig. 93. 

Genus AnklBtrodesmtia Corda, 1838; Ralfe, 1848; Archer, 
1862. [Rhaphidium Klttz., 1845; SchToderia Lemmermann, 1898.] 
The cells are fusiform with acute apices, rarely obtuse, and they 
are generally many times longer than their diameter. They are 
straight, lunate, arcuate, or sigmoid, and although frequently 
solitary, are more oflen variously grouped in lfx>ae aggregates. 
In some forms the apices are greatly produced'and almost bristle- 
like. The cell-wall is very thin and there is a single parietal 
chloroplaat, usually occupying the greater part of the cell-cavity. 
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Pyrenoide are commonly absent, but one or two may occur in 
some forma. Multiplication takes place by means of autospores 
formed by the division of the contents of the mother-cell ; they 
generally arise by oblique divisions, but may be produced by 
repeated transverse or longitudinal divisions. 

There has never been any doubt concerning the identity of 
Ankistrodesmus Corda and Shaphidium RUtz., but this feet 
only seems to have been acted upon by Balfs in his 'British 
Desmids' and Archer* when he described his Ankistrodeemaa 
acuUssimtia. I am indebted to Dr Nordstedt of Lund for 
furnishing me with full information concerning Ankwlrodesmus 
from Corda's scarce memoir*. The remarks made by Corda 
under the heading of " Ankistrodesmas novum genua," and 
the description and figures he gives of A. fusiformis, are qaite 
BufRcient to establish this genus, and also to show that Kutzing's 
later genus Riiapkidium is identical with it. Kuntze' endeavoured 
to prove that these two genera should be placed as synonyms of 
' Micraaterias Corda (1835)*,' a genua which he tried to establish 
on the assumption that Micrasteruts Ag. (1827) should be 
relegated to HeliereUa Bory (1826). Nordstedt* has clearly 
shown that the name ' HeliereUa ' cannot be used as a generic 
name, and in consequence Micrastenas Ag. (1827) is a valid genus. 
It follows from this that AnkistrodesrmtJi Corda is the earliest 
generic name given to the common plants which Klltzing named 
Rhaphidium, and as Corda'a description and figures are also suffi- 
ciently characteristic, hia name must be accepted for the genus. 

The genus Schroderia was established by Lemmermann" in 
order to include an Alga which had previously been found by 
Schrttder' and described by him as " Reinschiella? setigira." This 
Alga I have observed from North Yorkshire along with other 
plankton forma. The only distinction that can be drawn between 
Schroderia and Avkistrodeamvs is the greater attenuation of the 

1 Aioher in Qnarl. Journ. Uicr. Sd., a. t. vol. 2, 1862, pp. 255—361, t. lii 
(in part). 

■ Corda in Almanaoh de CarUbad par J. de Carro, Prague, 183B, pp. 196—198. 

■ EDDtze lUvis. Gen. Plant, ii. IH91, pp. 904, 90S. 

* Corda in Almanach de Carlsbad, 1K3S. p. 206. Corda'B only meatioa of 
MieratUTiiu /aleala is in the description of thu platUB on p. 206 ; there U do text 
telerence and the finuree are on t. ii, f. 29. 

' Nordatedt in Hedwigin. 1393, Heft a, pp. 149— Ifil. 

' Lemmermann in Hedwi^ia, 1898, Bd xxivii, p. 311. 

' Schroder, * Ueber das Plankton der Oder,' Beriohte Deutach. Bot. Gesellsch 
1897. Bd XT. 
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apices of the former, and I do not regard this as a sufficient 
generic diflFerence, " Reinechiella? setigera" must be considered 
as an AnkUtrodesmua having the same relationship to other 
species of the genus as Dacti/locoocus bicaudatus has to other 
species of Dnctylococcm, 





Fig. 91. A, Ankiitrodeiimit fatealut (Corda) R&lfB, from Bowneaa, WestmoreUad. 
6 knd C, A. /alcatUM Tar. acicularii (A. Br.)i B, from Pilmoot, N. Yorks.; 
C, from the pliuiktoD of Loch M. Bharabhsis. LewiB, Outer H<bndes. D, A. 
JaicatvM Tar. tumidxu nob., (ram Pattenham Coilimoti, Surrey. E, A. faUatut 
Tar. mirobjlia nob., from Wimbledon Common, Sarrey. F, A. itligenu (BchrHd.) 
Dob.. from near RieTaali Abbey, N. Torke. O and H. A. PJUteri {Sohcfid.) nob., 
from tbeplanktonotLochM.BharabhuB.Lewia. (AllxS20.) > ' 



As plaota of this geniui are often very abundant and the Hynonymj is 
much confused, the following synopsis will be found useful: — 

A. falcatUB (Corda) Ealfe. [Micraiteriai falcata Corda 1836 ; AnkUtro- 
deamus funformit Corda 1838 (in port); RAaphidium fateiculatum KUtz. 
1845; Rh. polym<nyhum Fresan. var. falcatum Rabenh.] Colls lunate or 
arcuate, 16 — 24 times longer than the diameter (TS — 3 fi), with the apices 
acut« ; aaeociated in loose aggregates or close bundlea, rarely solitary. 
Chloroplast usually devoid of a pyrenoid. Fig. 94 A. 

Vaj. adcolans — . [Rhaphidium adculare A. Br. 1849; Rh. polymorpkum 
rar. aciculare Rabenh, ; Clotttrium tubtiU Brfb. ; Ankistrodetmuji acutiitimitt 
Arch. 1862.] Cells usually solitary, commanly straight or slightly curved, 
with acutely attenuated apices. Length 36—63 n ; breadth 2-5 — 3-5 fi. 
Cbloroplaat sometimes furnished with one pjreuoid (or more). Fig. 94 B 
&nd C. It is most probable that RA. pyrogeiium Chod. belongs here. 

Var. duplex — . \_Rhapkidium duplex Kiitz. lR4.'j.] Cells elongate, sig- 
moid, associated end to end in pairs. Rh. nirale Chod. may possibly be a 
form of this variety. 
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V&r. tnmldlUI — . [BA. polymorphum var. tmaidttm'W. & Q. S. West 
1897.] Cells solitATf or in amall aggregstes, curved, in the middle inBsted ; 
apic«a most acute ; length 61 — 73 ft ; hreodth 4'5 — S'6 /i. Chloroplaat with 
one or two pjrenoids, or destitute of them. fig;. 94 D. 

Var. miiabillB — . [BA. polyntorphum var. mirabile W. & G. S. Weat 
1897.] Cells solitary and oonsiderablj longer than in typical A. ftdoatat, 
variouslj curved, often sigmoid ; apices very acute. Chloroplast completely 
interrupted in the middle of the ceU and often fragmented ; vacuoles in the 
cellproteplttiim often containing a single moving corpuscle. Length up to 
m It; breadth 2—3-5 ^. Fig. 94 E. 

Var. BpinliB — . [Rh. ipircUe Turn. 1893; Rk. faxdculatum var. ipirtUe 
Chad. 1902.] CelU grouped in bundles of 4 or 8, twisted round each other in 
the central region of the cells, but free at their extremities. 

Var. HpiriUifonnis — - [AA. polymorphum var, ipirale W. & Q. S. West 
1898.] Cells always solitary, spirally twisted, making 1 — 1 J turns ; apices 
very acute. Often occurs in prodigious quantity in stagnant water. 

The above varieties of A.falcatut are widely distributed and some of them 
are abundant. Th^ occur most abundantly in email ponds, but are also 
frequent jn the freshwater plankton. 

A. CODTOluttU — . \Rhaph.id\um, canvolvlam Rabenh. 1868.] Cells 
solitary, short, only 3 — 6 times longer than the diamet«', lunate or arcuate ; 
apices very acute ; diom. 3 — 6 n- 

A. FfltEeii — . [Maphidium PfiUsri SohrOder.] Cells straight, some- 
vhat asymmetrical, 5j — 6 times longer than the diameter, much attenuated 
with rounded apices; forming small colonies embedded in mucilage. Length 
38 — 49 ft ; breadth 7—8 /i. In the Scottish plankton ; not uncommon. Fig. 
94 G and H. Perhaps this species would be better placed as a form of A. btpUx 
(Reinsch) nob. [-iU. btpUx Reinsch 1887.] 

A. seticemB — . [Seimchidlaf tetigera SchrOder 1897; SchrMei-ia 
Ktigera Lemm. 189B; Rkaphidmm. netigenim W. & G. S. West 1901.] Cells 
fusiform, with the apices much attenuated into fine hair-like prolongations. 
Chloroplast with one pyrenoid Diam. 5'7--6'6 ^; length 76 — 86 ^u Mostly 
found in the plankton. Fig. 94 F. 

Genus Closteriopsis Lemm., 1898'. This genus ooly differs 
from Ankistrodesmua in the great length of the cells and in the 
consequent increase in the number of pyrenoida. The cells are 
narrow, greatly elongated, and the extremities are much attenuated- 
into bristle-like points. The chloroplast contains a dozen or more 
pyrenoids in an axial series. 

01. longiMima Lemm. is only known from the plankton. In the British 
Islands it has been found in Lough Neagh, Ireland, from Finstewn, Orkneys, 
and in Loch Aato, Shetlauds. Length 330 ;• ; breadth 3'8— 4-2 fi. 

Genus ActinaBtnun Lagerh., 1882. The cells are ovoid, 
oblong or club-shaped, from three to six times longer than their 
' Lemmermann in Forschungaberichten Biol. Stat. Pldn. vii, 1898, p. 29. 
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diameter, and are generally attached by their apices to form 
radiating colonies of small size. Elach cell possesses a parietal 
chloroplast fumiehed with a pyrenoid. Multiplication takes place 
by the longitudinal division of the cell -contents, with the occasional 
formation of another transverse wall. The products of division 
diverge outwards, but remain attached by their proximal ends, 
and the colonies sometimes reach a relatively large size owing to 
the repeated new divisions of the contents of the radiating cells. 
As a general rule four young cells (autospores) are produced in 
each mother-cell. 



A. Hantuchii L^erh. 
priDcipftllf to the plankton. 



) a vei7 rare Alga in Britain and is confined 
Length of cella 10— S4 p ; breadth 3—6 fi. 



In this genus the cells 

JC> 

ft B 

% 

Fis.96. &.~'D,StUna$fntm 
graeilt Beineoh; K — C, bora 
near Settle, W. Torka.; D. 
from Puttenham Ck>iiimoD, 
Surrey. E— Q, S. aeumirm- 
(Htn Lagsrh., from Bawnesa, 
r, ™ ^ _. „ c , J,, WestmoraUDd. (All x62i).) 

Qenus Klrohneriella Schmidie, 
1893. [Indus. Selenoderma Bohlin, 1897.] The cells are arcuate 
or crescent- shaped, attenuated or subcylindrical, often bent until 
the apices almost touch each other ; they are loosely aggregated, 
without any definite disposition, within a large enveloping mass of 
jelly. The cell-wall is very thin and the chloroplast is parietal, 
being situated on the convex wall of the ceil. There is one 
pyrenoid, but it is frequently absent. The multiplication is by 
autospores, four or eight of which are produced in a mother-cell 
by oblique or more or less transverse divisions. The genus differs 
from Sel&taetrum in the loosely aggregated colonies of cells, which 
w. A. 15 
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Genus SelenaBtmm Reinscb, 1867. 
are arcuate or lunate, attenuated to 
fine points, and arranged back to back 
to form a 4- or 8-celled colony of small 
size. The cell-wall is thin and firm, 
and the chloroplast is without a pyre- 
noid. The multiplication is by auto- 
spores which arise as in Ankistrodesmus 
and KirchnerieUa. 

The speciee of this genus are very un- 
common, uBiuiUf occurring amongat other 
water-plantij at the margins of ponds and 
lakee. S. Bihraianum Reinach, S. graciU 
Reinsch (fig. 95 A — D) and S. acuminatum 
Lagerh. (fig. 85 E— G) all occur in Britain. 
Chodat conaidere the latter species to be a 
Scejiedttmat, but that I cannot agree with. 
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are irregularly disposed, and in the large enveloping : 
jelly. 



4 






Fig. 96. Kirekruriella obrta (West) Sohmidle. A, B, D and E, from Bowdms, 
Wealmoreland; C, From the plankton o( Loch Mor Bhanbhaii, Lewia, Outd 
Hebrides (x IBS). 

jr. o6e»a(Weat)Schmidle {breadth of cells 2— 9-5 fi; spicea 1-5— 4fi»part; 
greatest diameter of cell 6 — 16 ft; fig. 96 A— E) and K. lunarU (Kircbn.) 
U5b. are widely distributed Id the British Islands, occurring aparingl; in the 
small ponds and lakes, but in quAntit}' id the plankton of the, larger lakes. 

Sub-family IV. OOCYSTIDE^. 
This sub-iamily is characterized by the globose or ellipsoid cells 
(curved or even sublunate in Nephrocytium), which are frequently 
retained within the swollen wall of the old mother-cell. There 
may be one or many chloroplasts in each cell, which are parietal 
and usually contain one pyrenoid. In all except PaltneUococcva 
the cell-walls are firm and somewhat thick. The multiplication is 
by autosporea, which generally grow and attain their fall size 
whilst stil! forming part of the mother-colony. 
The following are the British genera \~— 

• Cells ellipsoid Oocyitit. 

** Cells curved, suboylindrical or sublunate Nephroeytiuia. 

••• Cells spherical. 

+ Cells lat^, solitary and frt«-floating Eremotpkara. 

+t Cells minute, forming a thin stratum Palm^lococcvt- 

t+t Cells minute,BpArBelysoatteredandsymbiotio OMordla. 
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Oenus OocyatiB Nag., 1845. The cella are ellipsoid, sub- 
cylindrical or pandurifonn, with a firm cell-wall which commonly 
possesses a nodular thickening at each pole. There are usually 
several parietal chloroplaats in each cell, destitute of pyrenoids. 
In some cases, however, there may be one pyrenoid in each 
chloroplast. Multiplication is by autospores, which are generally 
retained for some time within the greatly swollen wall of the 
mother-cell. Sometimes several generations are contained within 
one large mother-cell- wall. 




Fi^. 97. A and B, Ooq/$tii loliiaria Wittr., frnm Ben Lawere, Perthshire. C and 
D, O. eraua Wittr.; C, from L&nliver; Moor, Gomw&ll; D, plankton form 
from Longh Beg, Ireland. E and F, 0. pandur^ftnau W. A O. 8. Weat; E, 
tiom Pilmoor, N. Yorks.; F, from near Glifden, Ireland. G, O, tlliptiea West, 
from DerrjDlore Loogh, Oalvay, Ireland. (Ail x 485.) 

There are about U-.n British species of the genus, some of which are widely 
diBtributod in the quiet waters of ponds and lakes. 0. tolttaria Wittr. (length 
of cells 15 — *8/i; breadth 95—25 fi; fig. 97 A and B) is undoubtedly the 
tommoneat apecies, altliough 0. eliipUca West (fig. 97 G) is abundant. 
O.parvayie&i^ G. S. West (length 6—12 fi; breadth 4—7^) is the amallest 
species and 0. giga* Arch. (length 41—50 5 ft; breadth 32-5—40^) is the 
largest. 0. cratta Wittr. is not connmon except in the plankton ; fig. 97 C 

lid T>. 0. asymmetrica W, & G. S. West is another solitary species. 

Choijat stales that 0. gigat Arch, and 0. panduriformu W. & G. 8. West 

5g. 97 E and F) are merely stages in the life-history of EremotphAsra., but 
this statement I do not accept. These plants often occur in localities from 
which Eremotphara is absent and they reproduce themselves in the manner 
of true species of Ooej/itit. Moreover, I invariably find the life-history of 
Eremotpfugra to be remarkably free from polymorphic forms {viiU page 229). 

15—2 
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Genus Nephrooyttimi Nag., 1849. The cells are oblong, 
ellipsoid or subcylindrical, slightly curved or subluaate, sometimes 
almost reniform. There is at first a large expanded chloroplast in 
each cell, Aimished with a single pyrenoid, bat later the chloroplast 
fragments. The multiplication is by autospores similar to those 
of OooygHx, and formed within the mother-cell soon after the 
segmentation of the chloroplast. The young autosporea are often 
spirally disposed round the inside of the mother-eel I -wall. The 
genus is distinguished from Oocystis primarily by its curved cells 
without any trace of apical thickenings. 




1 W V> '^>'' --^ 



Fig. 98. A, Nepkroeytium obetum West, from Angle Tftrn, Camberland. B, N. 
taU/tlgetpanam West <t G. 3. West, from Dear Goring, Olfordshire. C— F, 
K, liinatum West; C— E, from near Bownean, WeBtmoreland ; P, from ne»r 
BonDdsUine, Oolway, Ireland. (All x 367.) 

If. Agardhianum Nag. [inclua. N. NdgelU Grun,) is a, widely distributed 
S[>ecit!s iu the stagnant watera of small pools and Iftkos; length of cells IS— 
22 ^^ ; breadth 7 — 12 fi. N. obeium Went is the largiMt apeciea, characterized 
by the short, stout cells and by the great thicktienx of the mother-cell. walls ; 
length of cells 34 — 42 n ; breadth 24—28 /i ; fig. 98 A. iV. luiuUum West is n 
characteristic species (supposed by Chodnt to be a eUgc <if ^V. AgardAianum) 
which iu very local, but oouetiuies abundant among submerged Sphagnum ; 
length of cells 14—18 ^ ; breadth 4— «'5 ^ ; fig. 98 C— F. .V. ecdj/nacepaitHm 
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W. & O. S. Weat in a curious speciea in wliich the mother-cell-walls throw off 
a number of iotegumenta, several generations being disposed in o. fan-shaped 
manner and held in position by the partly eiuvjated layers of the mother-cell- 
walls ; length of cells 24—26-5 >t ; breadth 13—17 /i ; fig. 98 B. 

Genus Eremospluera De Bary, 1858. [Ohlorospkwra Hen- 
frey, 1859.] The cells are solitary, large, and apherical, with a 
thick, firm cell-wall distinctly differentiated into two layers. Each 
cell contains a large number of small panetal chloroplasts furnished 
with a conical projection directed towards the centre of the cell. 
There is one pyrenoid in each chloroplast. The nucleus is gene- 
rally contained in a small mass of protoplasm suspended in the 



Fig. 99. Ertmotpkara viridit De Bary, from oesr Claphanj, W, Yorks. ( x 176). 
central region of the cell by a network of protoplasmic threads. 
Multiplication takes place by the division of the contents of a 
mother-cell into two or four smaller but similar daughter-cells 
(autosporea), which are set iree by the rupture of the mother-cell- 
wall. Chodat' has described the occurrence of certain polymorphic 
forms of this Alga, but although I have examined large quantities 
of it from every part of the British Islands, and from elsewhere, 
I have never yet seen any trace of such forms. Specimens kept 
under cultivation for two years developed no forms other than 
globular daughter-cells. Moore' also disputes the alleged poly- 
morphism of this Alga. 

E. viridU De Bary is widely dietributod all over the British lalaiida, more 
especially in Sph^num-bc^s. It is a constant aasociate of oertain Dcsniids. 
The cells vary from 56— --200/I in diameter; fig. m. 

Genus Palmetlococciu Chodat, 1894. [l Frotwoccua \^. 1824 
(in part).] The cells are more or less globular, with a firm cell- 
wall, and (^gregated to form a thin mucous stratum. There is in 



n,s,t,..dDi. Google — ' 




230 Chlorophyce(E 

each cell a parietal plate-like chloroplaat devoid of a pyreDoid, 
which ia ofben hidden by an orange- 
/^\ itfk ^K\ '^ ***'" There are three methods of 
Jp A •*! ^S B(j multiplication ; let, by division of the 
^^A B c^^o^j/e original mother-cell into two or four 
daughter-cella ; 2nd, by a rejuvene- 
scence of the cell-contents and an 
exuviation of the wall of the mother- 

FiR. 100. PoImfUoeiKetM mint- ,^11. o—l \.„ il,p fnrmnfinn nf « 

ah» (Katz.) Chodat, from new *^"' •*"■ "^ "^^^ lonnatloD 01 O. 
Bradford, W. Yorka. (x720). 16, 32, OF 64 spores within the wall 

of the mother-cell, which then rup- 
tures and sets them &ee. PalmeUococcua differs from Pieurococcua 
in the absence of pyrenoids from the chloroplasts, in the methods 
of reproduction, and therefore in the different aspect of the cell- 
aggregates. 

P. miniatru (Kiltz.) Chod.' [Pleuroooccut miniaiut Nag.) is Dot an in- 
frequent Alga on the outer aurfacee of plant-potB and similar objects, forming 
a moist, brownish-greeD scum, which ofteD tuma to an orange-red colour. 
Diam. cells 2— 12'5/i; fig. 100. 

Certain plants belonging to this genus have in the past been referred to 
"Prolococcui Ag." The latter genus ia obsolete, having included Alg» which 
are now referred to a number of other genera. 

Genus Chlorella Beyerinck, 1890*. The celb are small, 
globular or ellipsoid, with firm cell-walls, and with a single parietal 
chloroplast containing a pyrenoid. They occur in abundance in 
symbiotic relationship with Hydra viridie, species of AmcBba, 
ParanuBcium, Ophrydium, etc. Multiplication takes place by 
the quadripartitioQ of the cell contents. Radais' has confirmed 
Beyerinck'a observations that this Alga has the ikculty of cell- 
increase and the formation of chlorophyll in the dark as in the 
light. Grintzesco* also affirms that development takes place more 
rapidly in total darkness than in full daylight. The latter author 
has cultivated Chlorella in various media and finds that glucose 
stimulates its development and that peptone is a better source 
of nitrogen than nitrates. Cultures of this Alga do not liquefy 
gelatine. 

CAl. viiigarU Be;r. is widely distributed and o^n abundant in cultures 
or io stagnarft aquaria. The cells are — 10 fi in diameter. 

' Chodat in Bull. Herb. Boiasier, torn. ii. 1891, pp. 429 and 599. 

' Beyerinck in Botan. Zeitucg, ilviii. 1690. 

' BadaiB in CompteB Bendus, cm, IdOO, p. 798. 

* i. tirintiesoo iu Bev. Q«d. Bot. xv, 1903. 
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Sub-femily V. TETRAEDRIEiE. 

The plants of this sub-family are always solitary unicells. 
Each cell is flattened and angular, usually with a definite number 
of angles, or it is tetrahedral, octahedml, or polyhedral. The 
angles may be rounded, emarginate, or tiirmsh^d with spines. 

Genus Tetraedron KUtz., 1845. [Polyedrium Nag., 1849.] 
The cells of this genus, which occur as solitary individuals or 
rarely collected into temporary aggregates, are flattened and 
angular (triangular, quadrangular, or polygonal) or polyhedric. 
The angles are obtuse, acuminate, or furnished with one or more 
simple or furcate spines. There is a single large chloroplast, 
parietally disposed and containing one pyrenoid. Multiplication 
takes place by the formation of four or eight autoepores, which are 
set free by the rupture of the wall of the mother-cell. Sometimes 
they are expelled into a delicate vesicle, which, however, soon 








Kg. 101. A. Tttra^droH minimum (A. Br.) Hanag., from Keaton Gammon, Kent. 
B, T. eaudalum (Cotd&J fiaii«g., from PilmiKir, N. Yorks. C, T. regitlare 
Eatz., tram neu Bowness. WegtmoreUad. D, T. aiorme (Baits) Hansg., from 
Miokle Fell, N. Yorks. E— O, T. hoiridum W. A Q. S. West, from Pataev 
Heath, Suney. (All x KO.) auM, antoapores. 

There are about 14 species of the genus known to occur ia the British 
lalanda. T. minimiim (A. Br.) Haneg. is the most abundant of the flattened 
species; diam. of cells 6-5— I6fi; thickness of cells 5— 7fi; fig. 101 A. 
T. regulan Kilti. {"Polyedrium letraSdrfcum Nag.) ia the commonest of the 
poljhedric species ; diam. of cells 13-5—40 fi ; fig. 101 C. T. enorm« (Ralfo) 
Hani^. was originallj described as a Desmid; fig. 101 D. 

The genus Csraatsrlaa Beinsch (1867) is sometimes separated 
from Tetraedron owing to the depth of the lobulation. The cells 
are solitary, tetrahedric in character, and the divisions into lobes 
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are so deep that there is no central body. G. rhaphidioides Reinach 
and C. fon^Mptna (Perty) W, & G. S. Weat are both plants of 
rare occurrence. 

Sub-fomily VI. PHYTHELIE^. 

This is one of the most interesting aub-femilies of the Pro- 
tococcaceie, and the Algte contained in it have only recently been 
brought to light, largely by the plankton investigations of 
Lemmermann and Chodat. The plants are unicellular or some- 
times grouped so as to form a more or less definite ccenobium, 
and in all cases they float freely in the water. As a rule the cells 
are idmost devoid of a mucous envelope, and they are furnished 
with several stiff bristles considerably longer than their own 
diameter. Multiplication occurs tj^ically by the formation of 
autospores, which usually attain all the characters of the adult 
before their liberation from the swollen wall of the mother-cell. 
Zoogonidia have been observed in Golenkinia. 

The name of the sub-&mily is derived from the genus Pkytheliog 
Frenzel (1891), an Alga which was originally described as a 
Heliozoan. All the genera are practically confined to the plankton 
of large lakes, although a few of them are occasionally observed in 
the surface waters of ponds. The long bristles of these Algte are 
protective characters developed as a result of a free-floating 
existence amidst numerous animals to which they would other- 
wise be an easy prey. 

The genera have been well worked out and monographed by 
Lemmermann'. Four of them are known from Britain, 

A. Cells globuUr. 

• Cells solitary with evenly distributed bristles Oolcnkinia. 

•• Cells in colonies of 8, Ifl, or more, bristles attached 

to the outer faces only RiciterieUa. 

B. Cells ellipsoid or subcylindrical. 

* Bristles with a basal swelling Lagerhnmia. 

** Bristles without a basal swelling Ckodatella, 

Qenus Golenkinia Chodat, 1894. The cells are globular, 
usually solitary, with a firm cellulose wall, which ia enveloped in a 
thin layer of mucilage. Each cell ia furnished with a number of 
radiating bristles of considerable length, evenly disposed over the 

' LwnmermftQD ia H«dirigi>, Bd xzxvii, 1893. 
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outer sur&ce of the cell. There is a parietal chloroplast con- 
taining one pyrenoid. Multiplication normally takes place by 
autospores, but also by simple vegetative division, and reproduction 
by quadriciliate zoogonidia has been observed by Chodat. 

O. rofjioto! Cbodat' ia known from Surrey ; diam. of cbIIb 10— 16/1; length 
of bristles 25—46 ,1 \ fig. 102 D and E. Q. pauciipinota West & G. S. West' 
in known from tbepbuiktoD of Lough Neagb, Ireland ; diara. of cells 16— 16 fi; 
length of bristles 16 ^ ; fig. 102 F. 




Fig. 102. A, RicftUrieila hotryoidrt (Schm.) Lemm., after L«mmermBnn, x 620. 
B and C, R. batryoidtt forma qtiadriteta (Lemm.) Ghod. ; B, from the pltmktoa 
of LoQgh Beg, Ireland (xlSO); C, after Lemmermann (xSaO). D and E, 
GoUnkinia radiata Chad., after Chodat ( x aboat BOO). F, Qolmkinia jjauci- 
tpiiuna y/. & Q. S. Weat, from tbe plankCoD of Lough Neagh, Ireland ( x 450). 

Genus Bichteriella Lemracrmann, 1896. The cells are spherical 
and generally aggregated to form loose ccenobia of 8, 16, 32, or 64 
cells. The cell-wall ia thin and firm, and is furnished with long, 
radiating bristles attached only to those surfaces of the cells which 
fece outwards. There is a single parietal chloroplast with one 
pyrenoid. Multiplication has only been observed to take place by 
vegetative division. This genus only differs from Golenkinia in 
the aggregation of the cells and the fact that the bristles are more 
or less confined to the exposed surface of each cell. 

' Cbodat in Horot, Jonm. de Bot., Paris, 1891, p. 305, t. iii. 
* West A O. S. Weat in Traui. Boj. Irish Aead. uiii, sect. B, part i, 1903, 
p. 68, t. i, r. 18. 



iti.rdDi. Google 



234 CMorc^hycece 

R. botrj/oidet (Schmidle) Lemm., forniA quadriteta (Lemm.) Chod. i 
known ^m the plankton of Lough B% Londonderry, Ireland; diata. of 
cells 3—9-6 n i length of bristles 23-~60 p ; fig. 102 B and C. 

Genus Lagerheimia Chodat, 1895. The cells are aolitaiy, 
ellipsoid, or subcylindrical with 
rounded extremities, and with a 
firm cell-wall. There are four bristles 
arranged in divei^ing pairs at each 
pole, or disposed one at each pole 
and two equatorfally. Each bristle 
has a wart-like thickening at its 
base. There is a single parietal 
chloroplnst with one pyrenoid. The 
multiplication is by autospores. 

L. tubgloboia Letnin. is known from 
Lough Gu-tan, Don^^ Ireland (diam. of 

cells 5-8— 9'4;.; length of bristles 10-5— 
]3 fi; fig. 103 D and E), and £. genevcnat 
Chod. from the south of England (diam. of 
oellsSfi; length of cells 9~10fii length of 
bristles up to 16 ^; fig. 103 A— C). 

Genus ChodateUa Lemmermann, 

1898. This genus only differs from 

Fig. 103. A— c, Lagtrhtimia the preceding one in the absence of 

^fi&V^iTk't^l^: 'te .wellings ot warHike thicken- 

bOKiLemm.; D,sfteTLemmeTmann ings at the base of the bristles. 

(X530); E, from LoUKh ObtUd, ^P „ ,., ... ., , 

Donegal, ireUnd { x 460). F snd The cells are solitaiy, elhpaoid, and 

G. Chodauua brmiiia W. A G. 8. fumiahed with four or many elon- 

WflHt, from Lough Gartan, Ireland ^ j . ■ .i . ■ i ,■ 

( X 450). H snd I, Ch. ciiiata gated onstles, which are sometimes 

(Lsgarh.) Lemm. var. amphiiricka radiatine and Sometimes curved. 

(Lageth.) Chod. (x460); H, from ~, * , i ■ * i 

Skipwitb CommoD, E. Yorki.; I, Ihere may be one or several parietal 

from near Bowi»aB,WeBtmoreland. chloroplastS, with or without pyre- 

au M, ButosporeB. , ' ' ■* 

noids. The genus differs from (Jocys- 

tis in the absence of the polar thickenings and the presence of the 
long spine-like bristles. 

CA. ciiiata (Lagerh.) Lemm. var. amphitricha (Lagerh.) Chod. ["Ch. 
radiant (West) Lemm.] occurs in several localities in the British Islands; 
length of cells 8— 18 ft; breadth 4— 13-6 ;t; length of bristles 12— 20 fi; fig. 
103 H and I. Ch. breviKta West & G. S. West is known from Lough Oartan, 
Donegal, Ireland; length of cells 12— IS'&^i breadth 8— 9-&fi; length of 
bristles U-5— 17-5 p; fig. 103 F and 0. 
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Sub-femily VII. DIGTYOSPHjEEIEiE. 

This sub-&mily contnins a few genera the affinities of which 
are somewhat doubtful. The cells are globose, ovoid, or ellipsoid, 
and are associated to form more or less indefinite colonies. The 
colony is often of a fragile nature, the cells being held in position 
by the persistent old walls of the mother-cells, which sometimes 
become transformed into definite connecting-threads. A copious 
mucous investment is present in some, but in others it may be 
entirely absent. The multiplication is by simple vegetative divi- 
sion or by the formation of four daughter-cells (autospores) within 
the wall of the mother-cell, which gradually splits open and permits 
their escape. Reproduction by biciliated zoogonidis has been 
observed by Zopf and by Massee' in IHctt/osphferium. 

The sub-family is most probably an artificial one and perhaps 
it should not have a place in the Protocoecaceee. 

The five foUowing genenii are British :— 

A. Cells indefiDitely disposed. 

* With well-marked, subdiohotomouB connecting- 

threads; chloroplndt parietal Dictgotph^nwai. 

** Cella in radiating series; connecting threads 

scarcclj visible; chloroplast axile Dich/oeyitu. 

B. Cells grouped in fours in one plane; colonies ir- 

regular Tetracoccut. 

C. Calls in botrjoidal alusten. 

* Freelj exposed in a thin gelatinous envelope BotryocMcus. 

** Clusters covered b; a firm, irr^ular, tough 

membrane In^giata. 

Genus Dio^osphserinm Nag., 1849. The cells are globose, 
ovoid, or subrenifbrm in shape, with a firm cell-wall, and they are 
connected by dichotomously branched 
threads to form a roughly spherical 
or ellipsoidal colony. The entire 
colony is enveloped in mucus, and 
^.,^,fc !>-, f-ij the cells are situated somewhat far 
®S^^r ~J" g apart towards its periphery, large 

Pig. 104. Dictyovh<trium pui- Colonies often becoming very irregu- 
(Wiuw Wood. A, from the pUnk- lar Elach cell contains a more or 
ton of Loch Shin, Satherland; B, , . „ . j ..: . i kl „l t 
from Cim Fell, w. Yorks. ^ 450. l«ss beil-shaped, panetal chloroplast, 

' O. Maiaee in Joom. Linn. Soc Bot. xxvii, 1891. 
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furnished with a single pyrenoid. The connecting-threads are 
often derived from the old mother-cell-walls, but in some cases ib 
is doubtful if they do arise in this manner. Multiplication takes 
place normally by the formation of four daughter-cella within the 
mother-cell. Reproduction by biciliated zoogonidia occurs, but 
has been very rarely observed. 

D. Ekrenierffianurn Kag. in a, widely distributed British Alga, often 
occurring in quantity in the surface waters of ponds and in the plankton of 
lakes ; diam. of cells 4 — 10 /i. D. pulchellam Wood (fig. 104), D. renifdmte 
Bttln. and D. oviforme Lagerh. are more rarely found, but it is probable that 
the five so-called speciea pf this genus are merely forms of D. Ekrtnbtrgianum. 

Genus Dlotyocystia Lagerh., 1890'. The cells are elhpsold 
or oblong, and are arranged in radiating series to form a small 
free-floating colony. The radiating series of cells frequently 
branch and the cells are held in place by delicate mucous threads. 
Each cell possesses a central chloroplast with one pyrenoid, 

D. Hitchcockii (Wolle) Lagerh. in a rare British Alga, occurring ia the bogs 
of N. Ireland and N. W, Scotland, and also in the Scottish plankton. Diam, 
of cells 9 — 11 ji; the American specimens are larger. 

Genus Tetracooous West, 1892'. [Wentella De Wild., 1897 
(in part).] The cells are small, globose or aubglobose, sometimes 
a little angular, and are closely 
arranged in groups of four. These 
groups are connected by the old 
mother-cell- walls into free-floating 
colonies of small size, consisting 
.A "Q59 "03(33 "^ ^ maximum number of about 

wj ^W^ ^^^ B 80 cells. The four cells of each 

^ group are disposed in one plane, 

w.?f„':'B.i;'.'rw-.i;SS "■■l «•■« oU wan, of the moth»- 
A aod B, x460; B and C, two "te- cells become transformed into deli- 
* ' " ■ cate connecting-threads. There 

is one chloroplast which contains several large granules, but the 
presence of pyrenoids has not yet been definitely demonstrated. 
Multiplication takes place by the formation of four daughter-cells 
within the mother-cell, which arise by the division of the cell- 
contents in two directions in one plane. The colonies are almost 
entirely free from enveloping mucue. 
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Schmidle' gave what he termed an 'amended description' of 
this genus in 1894, but as the plant he included in it is not a 
species of Tetracoccua, his amended description is not a correct 
one'. 

T. bottyotdes West is widely distributed in tiie Britieh Islande, generally 
occarring in the sartace waters of ponds and ia the plankton of large lake«. 
Diam. of cells 3-8 — 67 i* ; diuu. of uoloniea 30— &7 /> ; fig. 105. 

Genus Botryococcua Kutz., 1849. The colony is free-floating 
and consists of an aggregate of botryoidal groups of cells. The 
cells are globose or ovoid in form 
and are closely aggregated to form 
clusters of 16 or 32 cells, the clusters 
being held together partly by old 
mother-cell-walls and partly by a 

gelatinous investment. There is a l-|P 

single cup-shaped chloroplast in each 
cell, but pyrenoids have not been 

observed. Chodat and Cretier' have Bnmnii Kiiti., from uie New 
observed in the chloroplast a small Potest, Hanti. A BmsUcolooy; 
, , , . , , '^ , , B, two laolated colli ( x 460). 

body which can be regarded as a 

pyrenoid without an amylosphere. As a rule this Alga is of a 
bright green colour, but when occurring in large quantity, as it 
frequently does in the freshwater plankton, the cells become filled 
with a brick-red oil. 

S. Braunii Kiitz. is the best known representative of the genus, and is a 
frequent plant in bog-poolii, large jKinds, lakea, etc Diam. of cells 5-5—9 ft; 
fig. 106. B. ludeticat Lemm. (which may only be & form of B. Braunii with 
globose cells) and B. caleareiit Went are rarer WritiHh epeciea. 

Genus In«fflgiata West & G. S. West, 1897; era. 1903. 
This Alga consists of free-floating colonies of very irregular form 
and destitute of a gelatinous investment. The colony is composed 
of several femilies of cells agglutinated together, each femily 
being small, more or less spherical, and consisting of a peripheral 
layer of cells surrounding a central cavity. The cells are ellipsoid 
or ovoid in form, and each one is furnished with a parietal chloro- 
plast, often containing what has been described as a single small 

I Schmidle in Flora, 1S94. Heft 1, p. 46. 

' Vide West 4 O. S, Wtst iti Journ, Koy. Micr. 8oc. 1896, p. 162. 

> Chodat & Cretier in Arch. Sci. Phya. el Nat i, mUO. 
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pyrenoid, but which I am inclined to believe is a small granule of 
starch. In some cells starch appears to be quite absent. The 
outer sur&ce of each &mily of cells is enveloped in a tough elast^ic 
membrane of irregular foma, 
which contains a trace of 
cellulose, and is folded and 
produced into all manner of 
irregular wrinkles, lobes, pro- 
cesses and spines. Sometimes 
these irregular projections are 
wanting, but at other times 
they are exceedingly nume- 
rous. The membrane is a 
secretion of the underlying 
cells, and its presence renders 
observations on this Alga 
more difficult than on any- 
other of the Protococcaceie. 
Sometimes the smaller colo- 
nies are united by more or 
less rigid prolongations of the 
enveloping membranes into 
much larger colonies. 

The families multiply by 
division, forming larger and 
larger colonies, which ulti- 
mately become separated into 
smaller groups by the develop- 
ment of elongated processes 
of the enveloping membranes. The reproduction is unknown*. 

In situations in which Inejigiata occurs in quantity, such as 
in the freshwater [ilankton, the cells develop the brick-red oily 
material which is found in the preceding genus. 

/. mglecta W. & Q. S. West \a one of the moat widely distributed of British 
AlgiB, occurring in all kiudn of situations — in ditches, bogs, tanlts, water- 
butts, etc —.and forming a regular and considerable constituent of the fresh- 
water plankton. Diam. of single families SI — 06^ of colonies 46 — 350 fi; 
length of celb 5-7— lOS ^ breadth 3-4— 5'3 ^ ; fig. 107. 

' Vidt Journ. Bot. March, 1903, t. 447, f. 1—9. 




Fig. 107. Iniffigiata rugUcta W. & 
G. 8. West, &om Harris, Outer Hebrides. 
A, outline of colanjj B, smaller coIod;; 
C, part of single famil; in seotioa; D, 
showing escape of cells fmia a small 
colonj. 
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Family 8. PALHELLACEiB. - ^ 

The Palmellaceie is one of the most primitive families of green 
Algre, primarily distinguished trom the other groups of the 
ProtococcoidesB by the indefinite colonies of cells enveloped in a 
conspicuous mass of mucilage. In the ordinary vegetative con- 
dition these plants present the appearance of a group of more 
or leas irregularly disposed cells embedded in a copious mass of 
jelly, which is either structureless or differentiated into concentric 
envelopes. The colonies are either microscopic or macroscopic, 
and sometimes reach a length of several centimetres. 

The cells are globose or ellipsoid, of small size, and are 
frequently arranged in pairs or in groups of four. Sometimes 
these groups of four or ' tetrads ' are disposed in a tetrahedral 
manner, but at other times they are situated in one plane. Ekch 
cell contains a somewhat belt-shaped chloroplast which may or 
may not be furnished with a pyrenoid. The nucleus is situated 
in the hollow of the chloroplast. In some genera (e.g. Tetraspora 
and Apiocystvi) each cell is furnished with a pair of ' pseudocilia,' 
which consist of long motionless protoplasmic threads penetrating 
through the enveloping mucus to the exterior. These were first 
discovered by Thuret. 

Multiplication takes place by cell-division in two or three 
directions, followed sooner or later by a dtffluence of a large part 
of the enveloping mucus and the consequent dismemberment of 
the colony into smaller portions, each of which increases as before 
either by simple cell-fission or by the formation of two or four 
daughter-cells within each mother-cell. 

Asexual reproduction takes place by biciliated zoogonidia 
The latter are formed either by the transformation of a vegetative 
cell into a zoogonidangium in which several zoogonidia arise, or 
by the assumption by the ordinary vegetative cell of the motile 
Chlamydomonadine condition. The motile state greatly resembles 
the Chlamydomonad-type, and these plants have no doubt arisen 
by the intercalation of a simple though well-marked vegetative 
condition between two successive motile phases. 

Sexual reproduction has been observed in some of the Palmel- 
lacese. It consists of a fusion of isogamous planogametes, either 
fflmilar in all respects to the zoogonidia and produced singly in a 
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gametangiuni, or much smaller than the zoogonidia and produced 
in niimbera from a gametangium. 

In some of these plants the colony has no definite form, but in 
others the cells, although irregularly grouped, are contained in a 
mucous mass which tavariabty assumes a definite shape. 

Tbe bmilj con be divided into three Bub-families, in eacb of which the 
muciu iD&y be indefinite or developed in accord&uce with some definite pl&n. 
Sub-famil; I. PalmtUem. Cella irr^(ulArI; grouped within a 
Btnicturelees masa of mucus. 

Sub-funil; II. Tetra^or«m. Cells grouped in fours or eometimeii 
irregularly diapoeed at the peripherj of a stnictureleae mass of mucus. 
Eiuih cell with two paeudociha. 

Sub-famil; III. Olaoei/tluie<r. Cells grouped in twos or fours 
within a. lamollose mucoue investineDt. 



Sub-family I. PALUELLE^. 

This sub-femily is characterised by the large number of globose 
cells which are irregularly grouped within a structureless mass of 
mucus. The latter is usually of indefinite extent, but in Palmo- 
dactylon it is more or less cylindrical and often much branched. 
The cell-walls are generally firm and thin, and in Schizochlamys the 
outer layers are periodically thrown off in one or several pieces. 

Genus Palmella Lyngb., 1819. The cells are spherical, with 
thin cell-walls, and they are surrounded by mucous coats which 
have fijsed to form an indefinite mass of jelly. The parietal 
chloroplast contains a pyrenoid. Multiplication takes place by 
repeated bipartitions of the cells in all directions of space, ac- 
companied by an extreme gelatin ization of the mother-cell -walls. 
Reproduction occurs by macrozoogouidia, by microzoogonidia, and 
by small isogamous planogametes. 

One of the few true species of this genus is P. miniata LeibL, which occurs 
as a mucous expoDsion of a brick-red colour on damp ground, wet rocks, etc. ; 
diam. of cells 3 — S ft P. tmicnta. KUta. and P. hyalina Bn5b. are aquatic 
apeciea of a green colour ; the fonner may jiossiblj be a state of TetroMpora. 

Genus Palmodactylon Nag., 1849. This is a well-marked 
genus of the Palmelleffi, diflering ft»m Palmella mainly io the 
definite form of the enveloping jelly. The chloroplast is parietal and 
irregularly lobed, but is destitute of a pyrenoid. Multiplication 
of the cells takes place in all directions, but preponderates in 
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one direction, so that the cella are grouped irregularly within 
a cylindrical mass of mucus. This cylindrical mucous envelope 
frequently branches, each 
branch being similar to the 
primary mucous cylinder. 

P. varium Nag. (inolus. P. 
»ubranto»am Nag.) is a common 
British Alga in peaty ditches 
and in bc^-poola. Diom. of cells 
6*6 — ft'fi It; diam. of cjlindr. 
mucous investment ITii — 33 fi; 
fig. 108. 

Genus Schizochlamya 
A. Br., 1849. The cells are 
globular or slightly ellipsoid, 
with a lirm cell-wall of some 
thickness, and they are ir- 
regularly disposed within an 
indefinite jelly. The chloro- 
piast contains no pyrenoid. 
The outer portion of the 
cell-wall commonly becomes 
ruptured, being cast oif 
either in one piece or in 
four distinct pieces, which 
are held in a position some- 
what remote from the cell 
by the intervening jelly. 
It is the formation of this 
large quantity of gelatinous 
noateriat that causes the 
rupture of the firmer part 
of the cell-wall. Multipli- 
cation occurs by division 
into two or four daughter-cells, usually subsequent to the rupture 
of the outer layer of the cell-wall. 

•S'. ffdalintua A. Br., in which the outer Ufer splits in (bur pieces, occurs 

in ditches, ponda, etc. ; diam. of cells 9'5 — 15 n ; fig. 109 A and B. S. ddi- 

cattda West is also a fluent species, in which the outer layer is thrown off 

ID one piece; diani. of cells Ii'6 — 6*7 p; fig. 109 C. S. gelatiaota usually 

w. A. 16 



Fig. 108. Palmodactyton vaHum Nag., 
A — C, from Esher Common, Surrey; D, 
from Strensall Common, N.Yorka. A, xlOO; 
B— D, x450. 
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Fig.109. k—B, Schlzochlamyi gelalino*a 
A. Bt., from Lonshrigg, WeatmorelaDd. C, 
Sch. delieattila West, from neai BowneiB, 
WeBtmoTelaad (x450). 
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occurs JD very extensive gelatinous mBsaeB, often sevenl cms. in di&tDet«r, 
whereas the colonies of S. ddicatvla are ver^ much sm&ller, rarely eiceeding 
a diameter of 300 /i. The latter species has also a distinct preference for 
Sphagn um-pools. 

Genus SphierooyBtiB Chodat, 1897'. The cells are globose 
and sparsely aggregated within a &ee-i]oating globular mass of 
very transparent jelly. The number of cells within each gelatinous 
sphere varies from 1 to 16 (or more), and they are usually disposed 
towards the periphery. Sometimes there is a slight indication of 
laroellatioD in the jelly immediately surrounding the cells. The 
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methods of multiplication are : — 1st, by division of the cells into 
four daughter-cells, either in one plane or tetrahedrally disposed ; 
2nd, by the rupture of the walls of a sporangium containing a 
number of daughter-cells, with a slight retention of the old walls 
of the mother-cells as in Schizochlamya ; 3rd, by the formation of 
biciliated macro- and microzoogonidia. This genus verj- closely 
resembles Glceocystts Nag. 

Sph. Schroetcri Chod. is an abundant Alga in the freshwater plankton, 
occurring in all the larger lakes of the British Islands ; diam. of colonies 50 — 
ISOOfii diam. of cells 6 — 10^; fig. 110. Chodat regards both Telratpora 
lacjtttrit Lemm. and Sotri/ococcut rudeticut Lemm. na atages of this plant 
With regard to the former he is possibly correct, but the latter is a close rela- 
tive of BotryococcM Braunii and certainly has no affinity with SphiBroct/itit. 

' Chodat in Bull. Herb. Boisaier, 1BS7, p. 292, t ix. 
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Sub-iamily II. TETRaSPORE^. 

The cella are usually grouped in fours, or more rarely irregu- 
larly disposed, towards the periphery of a structureless mass of 
jelly. The sub-family is distinguished from the Falmelless and 
the GltEocystidete by the ' pseudocilia ' which are attached in 
pairs to each cell. 

Genus Tetraapora Link, 1809. [Indus. Stapjia Chodat, 1897.] 
The colonies are gelatinous, macroscopic or microscopic, indefinitely 
expanded or more or less intestiniform and convoluted. The cells 
are spherical, distributed without order near the periphery of the 
enveloping jelly or grouped in twos and fours. In structure the 




cells are similar to those of EalnieUa. with the addition of two 
(or more rarely four) ' pseudocilia,* Multiplication takes place 
by repeated division of the cells, chiefly in two directions in one 
plane, with the gelatinization of the mother-cell-walls. Reproduc- 
tion occurs by biciliated zoogonidia and isogamous planogametes. 
Hypnospores, with thick cell-walls of a brown colour, are also 
produced. 

Several 'speciee' of this genus occur in the stagnant waters of the British 
Islands, but it m very duubtfn] if they are specifically diatinct. T, gelatinoia 
(Vaucb.) Desv. is the commonest form, with a vesicular gelatinous colony and 
cells 6—12 fi in diameter. T. lubrica Ag. (fig. Ill) and T. explanata Ag, are 
most probably other fbrmB of tbJH speciea. T. laoutrit Lenim., which is a 
form confined to the plankton, is possibly a stage in the life- history of Sp/utro- 
egttit Sehroeteri Chod. 

16—2 
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Genua Aplooystls Nag., 1849. The gelatinous colonies are 
relatively small and attenuated towards the baae, which is usually 
fixed to other larger Algie. The cells are similar in structure to 
those of Palmella, and they are disposed without order near the 
periphery of the gelatinous vesicle. Each cell is furnished with 
two ' pseudocilia,' which 
penetrate through the 
jelly into the surround- 
ing water. Multiplication 
occurs by the division of 
the cells in two or three 
directions accompanied 
by a corresponding in- 
crease in the size of the 
colony. Corrans' states 
that when a cell divides 
one pseudocilium goes 
to each daughter-cell, a 
second one being subse- 
quently developed. Re- 
production takes place 
by biciliated zoogonidia 
and isogamous gametes*. 

A. Brauniana Nag, ix not 

uncommon in ponds, ditches, 

bog-pools, etc., and its p;ri- 

form colony is commonly 

attached bj the baae to larger filamentous Algse. The colonies are 1S-~1000^ 

(or ujiwardB) in length and the cells 6—8 fi in diameter ; Gg. 112. 




Weabnoreland ( x 400). 



Sub-femily III. GHEOC^STIDE^. 
/ 
The colonies of this sub-family consist of an aggregate of cells 
within a common mucilaginous envelope, which exhibits a lamellose 
structure. As a rule concentric coats of mucus can be distinguished 
round each individual cell or round a small group of daughter- 
cells. The lamellation of the mucous integument reaches a 
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maximura in some species of Glceocystvi. MultiplicatioD occurs 
principally by a tetrahedric division of the mother-cells, accom- 
pfuiied by a gelatinization of the mother-cell-walls. Reproduction 
also takes place by biciliated zoogonidia. 

Genus CHoeooyatlB Nag., 1849. [Chlorococcum Fries, 1825 (in 
part).] The plants occur as small irregular colonies consisting of 






an indefinite group of cells formed by the successive division 
of the mother-cells. The enveloping mucus generally shows a 
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marked lame 11a tion, similar to that exhibited by GUeocapsa among 
the Myzophyce^e. The cells are globose or elli})8oid, with a parietal 
bell-shaped chloroplast furnished with one pyrenoid. 

The most abundant apeciee ia 61. gigat (Kiitz.) Logerh. [^Cklorococeum 
giga* Orun. ; Olaoci/ttu ampla (Eiltz.) Rabenh.], which is found in stagnant 
waters among other Algsaj the cells are globose and 10 — IT fi in diameter; 
fig. 113 F— H. (?. vencidoia Nsig. is also a very common species of the genus 
in which the' cells are ellipsoid and 4 — 12 ^i in diameter. 01. infiuion,um, 
{Sohrank) W. & G. S. West l^ChloroBoccum infadonum (Schrank) Men^h.] 
ia a large speciee in which the lamelktion of the integument is most remark- 
able; diam. of cells 35-^30 ;t; diam. of int^uments of a single cell often 
180 ;i; fig. 113 A— E. There are several other so-called 'epecies' of thia 
genus, but the; are of doubtful value. 

The genus Capmdococciu Bennett (1888) is of very doubtful character and 
posaiblj does not belong to the Algn. C. erat^formis Benn. was described 
from the English Lake District. 

Genus Dactylothece Lagerh., 1883'. This genus closely 

resembles Glceocyatia in 

the general arrangement 

^ if . ^ ~ A a n of the colony, but the 

^ '^ n A Q cells are oblong-ellipsoid 

*' ^ i) and division only takes 

^fe A B c D place in one direction. 

The chloroplast is a pari- 

Pig. 114. Dactylothece Braunii Lagerh., etal plate only occupying 

A, from near Bi&dtoid, W. York».; B — D, from . „ , . ,.i,:_j„ „f 4.i,„ 

niar8enenB,CoTnwalH>:420). »•»"* tWO-thirds of the 

cell and destitute of a 
pyrenoid. The lamellation of the integuments is frequently in- 
distinct. 

D. Braunii Lagerh. occurs in damp situations and also in st^naut pools. 
The cells are 7-5— 10-6 ^ in length and 3B — 4-8 ^ in breadth ; fig. 114. 

Genus Falmodictyon KUbz., 1845. The colonies of this genus 
are very remarkable, the groups of cells and their surrounding 
integuments being arranged in cylindrical masses, which branch 
and anastomose with each other. The external mucous coats of 
these elongated colonies often become very tough and assume a 
reddish-brown colour. Reproduction occurs by the formation of 
reating-spores or hypncwpores with brown cell-walls. The germi- 

> Ligerhdm in Ofrers. at E. Bv. Vet..&kad. FSrh. 1S83, no. 2, t. 1, f. 82—34. 
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nation of those resting-epores results almost immediately in the 
formation of an elongated colony. 

Palmodiclj/on virvk Klita ia a very rare British Alga which I have only 
obeerved from the eitreme south-west of EngUnd. The cells are globose aad 
6-5 — 9^ ia diameter; the cylindrical colonies vary frem 28 — 52^ in diameter; 
fig. 116. 
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Genus Botrydina Br4b., 1839. The colonies consist of sub- 
spherical aggregates of cells of the Glosocystia-type, enveloped in 
a thick gelatinous integument which may reach a diameter of 
SOOfi. The genus requires further investigation. 

B. wigarU Br^b. occurs amongst mossee on d&mp ground, on the trunks 
of trees, etc. The cells are globose or ellipsoid and 2 — 7 fi in diameter. It 
sometjmee occurs in lai^ quantit; amongst Lmicobri/um glatmntm. 
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Class 4. HETEROKONT^. 



This class has been recently eatablished by Luther to embrace 
a number of Algee which were for a long time regarded as members 
of the Chlorophycese. 

They are yellow-green in colour owing to the presence of a 
lai^ quantity of xanthophyll in the chrotnatophores, and the 
product of metabolism is an oil. 

The class was instituted to include two series of organisms, one 
of which, the ' Chloromonadales,' is distinctly a group of the 
Flageliata, including certain primitive Flagellate organisms from 
which the rest of the Heterokontse have been evolved. Bohlin, 
and also Blackman and Tansley, place the genus Vauch^ria in this 
class under a third series, the ' Vaucheriales '; but I have preferred 
to retain this genus in the Chlorophycese in the old femily 
Vaucheriaceffi of the Siphonea^. Excluding Vauckeria and the 
Flagellate group. Chloromonadales, the rest of the Heterokontee fiill 
under the order ' Confervales ' proposed by Borzi in 1889, and they 
are all strictly algal in organization. They are unicellular, multi- 
cellular, or ccenocytic in character, exhibiting a considerable 
variety of form, and occurring as simple rounded unicella, long 
multicellular filaments, or large gregarious ccenocytes. The cells 
usually contain many chromatophores (rarely only one), which are 
discoidal in form, of a yellow-green colour, and devoid of pyrenoids 
and starch. In other respects the cell-structure is similar to that 
described for the Chlorophycete. 

Multiplication by cell-division does not take place in some 
genera. 

The usual method of asexual reproduction is by zoogonJdia of a 
somewhat peculiar character. They are generally ovoid or pear- 
shaped and are furnished with two cilia. The latter have only 
been accurately examined in a few genera and have been found 
to be of unequal length. They are attached to one side of the 
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anterior extremity of the zoogonidium and are generally carried in 
opposite directions. E^h zoogonidium usually possesses several 
parietal chromatophoTeB (vide fig. 121 C). 

Aplanospores are abo fi^uently formed, usually one in each 
cell and possessed of thick cell-walls. 

Sexual reproduction occurs by the fusion of isogamous piano- 
gametes which most probably resemble the zoogonidiB in the 
possession of two unequal cilia'. It is only very recently (1898) 
that the second short cilium was demonstrated, up to that time 
the zoogonidia and gametes of these Algs having been described 
as possessing only one cilium. The second short cilium is usually 
carried in a backward direction, pressed closely against the body of 
the cell. 

The Heterokontffi contains only a limited number of genera. 
None of the Flagellate series 'Chloromonadales' have been observed 
from the British Islands, and all the remaining genera belong to 
the Confervales. Cklorobotrya Bohlin, which that author referred 
to the Chloromonadales, is strictly algal in character and belongs 
to the Tribonemaceje. 

Order I. CONFERVALES. 
In this order the cells are entirely algal in character, thus 
differing from those of the Flagellate order Chloromonadales. 

The plants are unicellular, multicellular, or coenocytic, and the 
cell-walls are sometimes very thick. Each cell contains several or 
many discoidal chromatophores, with a parietal disposition, and 
from which pyrenoids are absent. 

The reproduction is by zoogonidia and isogamous planogametes, 
the former possessing a pair of unequal cilia. 
The order ia divided into three families:— 

Family 1. CAlc/rotAeciacem. Uoicellular or coloDial; cells amall, 
often attached by basal staJkB, uninucleate, with one or many ehro- 
m&tophoreB. 

Family 2. Tribon^nacete. Unicellular or fllamentouB ; cells often 
elongate, uninucleate or subctenocytici, with several or many chrnmato. 
pbores; cell-walls firm and thick. 

Family 3. Soln/diacea. Plant-body large and cranocytic, fixed, 
with well-daveloped organs of attachment ; chromatophores numerous. 
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Family 1. CHLOROTHECIACEJE. 

In this family the plants are veiy small, unicellular, gregarious, 
or colonial. The solitary and gregarious cells are attached each by 
a basal stalk, generally to some larger filamentous Alga, but in 
the colonial forms the cells are united by mucilaginous bands or 
stalks. Each cell contains a single nucleus and one or many 
parietal chromatophores. Multiplication takes place in some 
genera by vegetative division, but not in others. Reproduction 
occurs by zongonidia and isogamous gametes, with one long cilium 
and most probably a shorter one, the presence of which has not yet 
been ascertained. 

The three following genera are known as British ; — 

A. Cells stalked; no vegetative division. 

* Cells gregariuus, living io the mucilaginous iuveet- 
ments of other Algn and attached by a stalk of 
extreme tenuity ; with one chromatophote Stipiloeocctu. 

•• Cells ovoid, pounded, or ellipsoid, attached by a thick 

Htalk; chromatophores aavoral or many Charaeiopsia, 

B. Cells united to form branched colonies by tubular 

stalks of mucilage; vegetative division abundant... Mitahococais. 

Genus Stipitoooocus West & G. S. West, 1898'. The cells are 
very minute, gregarious, and 
epiphytic on other filamentous 
Algse, being embedded in the 
mucilage surrounding the fila- 
ment, to which they are attached 
by long stalks of extreme fine- 
ness. In shape the cells are 
ovoid and apiculate, or somewhat 
campanulate, with a rounded 
base and an attenuated or ir- 
regularly expanded apex. There 
is a single parietal chloroplast of 
a pale green colour, somewhat 
irregular in form and curled 
round the inner sur&ce of the 
cell- wall. A single small nucleus 




Fig. 116. Stipitacocciu ureeolatnt 
W, & G. S. West ; A— C, epiphytic on 
a filament of Mougtotia, from Ou){bter- 
ihaw Tarn, W. Yorks. ; A, x500; B 
and C, X 780 ; D, epiphytio on Spharo- 
totma excavalum, from Hams, Outer 
Hebrides (xSOO). 



is present in the centre of the cell. Reproduction is by zoogonidia, 
■ West A G. S.-West in Jaam. Bot. Sept. 1898. 
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two of which are produced &om each mother-cell. Ooly one long 
cilium has been observed on the zoogonidia, but it is very probable 
that another shorter one has been overlooked. The zoogonidia 
become attached by the end of the long ciliuni, the latter then 
forming the stalk of the new unicellular plant. 

The genus closely resembles Peromelia Gobi^, which is also an 
epiphyte, occurring in the mucotis investments of Hyalotkeca. 
The cells are, however, smaller than in that genus and their apices 
are acute or expanded. The general form of the cells is thus 
different from the rounded cells of Peroniella. 

S. ureeotatut West 4 G. S. West is known from W. Yorkshire and from 
N. W. Scotlanii, occiirriug as an epiphyte on Mcmgeotia and SphariKOrma ; 
diam. of cells 3 — 42 /i ; length 6-5— lO'S /i; length of h;aline stalk 4—6 fi; 
fig. 1 16. Schmidle' has dencribed another species ftom Qennany. 

Genus CharaclopaiB Borzi, 1895. Most of the plants of this 
genua were at one time described as species of Gkaraciwm A. Br. 
The cells are rounded, ellipsoid, or ovoid, 
sometimes acuminate at the apex, with a 
firm cell-wall and a short basal stalk of 
some thickness. They occur as epiphytes, 
soUtaiy or gregarious, and there is no 
vegetative division. Each cell contains 
several or many small, parietal chroma- 
tophores of a pale-green colour. Repro- 
duction occurs by the division of the cell- 
contents either to form eight (or more?) op»iji minuM (A. Br.) Borz 
zoogonidia, which are set free by the disso- f'"," "^^ Penianoe, Com. 
lution oi the upper portion oi the mother- w. * Q. s. Waot, (torn 
cell-wall, or to form a number of globose f^'^f^ ^°°^' ""■ ^'"'"■ 
aplanospores which become gametangia 
immediately on liberation, each producing two or four gametes. 

There are a number of species, several of which are known from Britain. 
Ch. minuta (A. Br.) Borzi is the most frequent; length of cells IT — IS/i; 
breadth B-5 /i; fig. 117 A. CA. turgida W. & G, S. West is the largest species 
of the genus; length of colls 36— 46 /i ; breadth ITS— 16 f.; fig. 117 B— D. 

Genus MlBohococous Nag., 1849. The cells are globular and 
are united by thick tubular stalks of mucilage to form small 

1 Oobi in SoripU Botan. Horti Univers. Imp. P«(ropolitaiun, torn, i, 136B-7, 
pp. 344— 3S0. t. 1. 

1 Sohmidls in Hedwigia, Bd lU, 1902, Hett 4, p. 158, flg. A I. 




Fig. 117. 



n,s,t,..dDi. Google 



252 H^,erokofUoB 

branched colooies ; they are situated oDly at the extremitieB of the 
mucous tubes and each possesses from one to four chromatophores. 
Reproduction takes place by zoogonidia and isogamous piano- 
gametes. The zoogonidia usually germinate directly to form a 
small typical colony, but the zygospore divides in two directions 
in one plane forming an epiphytic cushion, all the cells of which 
are situated on short, broad, mucilaginous stalks. 




M, e<mfervieola N^. is n rather unoommoo Alga, ocoiirring aa an epipb}'t« 
on various filamentouB species of Cladophoracete, Tribonemoceee, Ulotrichaceea, 
(Edogoniacoee, etc. It ia generallj found in small ponds and ditches, or more 
rarely in peat;; pools ; diam. of cells 3*5 — S'Sfi; fig. 118. 

Another genus belonging to the Chlorotheciacese has been 
recently described by Schmidle' under the name of Ooddsmns. 
Lemmerraann reports having found this genus in some plankton 
material forwarded to him from Loch Doon, Ayrshire. The cells 
are ovoid and united by short bands of mucus to form free- 
swimming colonies. Each colony consists of four cells, which are 
disposed in one plane. The cell-wall is relatively thick and there 
are one or two chromatophores in each cell. 0. Doederleinii 
Schmidle is the only known species ; ceils 8 /i in length and 6 ^ in 
breadth. 

' Bclmiidle in Hedwigia, Bd ili, Here 4, 1902, p. 162, fig. B 4. 



, n,s,t,..dDi. Google 



Tribonemeusea 263 

Family 2. TRIBONEMACEA. 

The plants of thia femily are unicellular or filamentous. The 
cells are globose, cylindrical, elongate, often spirally coiled or 
united to form long flexuose filaments. There is generally a single 
nucleus in each cell, but sometimes two or more are present, 
giving the cell a more or less coenocytic character. The cell-walls 
are always firm and usually of some thickness, except in the genus 
Sumilleria, in which the walls sometimes become swollen and 
hyaline. Aaezual reproduction takes place by zoogonidia with one 
long and one abort cilium, and two or several parietal chromato- 
phores. Aplanospores are also of frequent occurrence in the geous 
Fribonema. Sexual reproduction occurs by isogamous plauo- 
gametes which have been described, but perhaps erroneously so, 
as having two equal cilia. 

There ore four British genera, three of which ore abundant. 

A. Pl&nts unicelluJar. 

* Cells globoae, oggrt^Hted in mucilagiDouH coIoDiea ... Chlorobotryt. 
** Cells elongate, uaunllj ahortly Htipitate v.nd often 

spirally coiled Ophtwytittm. 

B. Plants tiUnientous. 

• Cell-walls firm, splitting into H-pieces Tribonema. 

** Cell-walls hyaline, H-pieces not very evident; fila- 
ments small Bumilleria, 

Genus Chlorobotrye Bohlin, 1902*. The cells are globose or 
suhglobose, solitary, or more commonly aggregated in families of 
2, 4, 8, or 16. E^h family is surrounded by an ample mucous 
integument, very hyahne and quite homogeneous. The cell-walls 
are firm, smooth, of some considerable thickness, and they contain 
a certain proportion of silica. The chromatophores are parietal, 
yellow-green discs, from 6 to 30 of which are disposed on the walls 
of each cell. Sometimes the pigment becomes more or less diffuse. 
There is frequently a prominent red pigment-spot in each cell of 
the femily, hut sometimes this is entirely absent. Multiplication 
takes place by the division of the cells primarily in two directions, 
but afterwards in three directions'. Families of 4, 8, or 16 cells 
are therefore frequently very symmetrical, but beyond this number 
they become irregular. During cell-division the contiguous walls 

1 Bohlin in Bibaug till E. Sv. Vet.-Akod. HuxU. Bd 37, no. 4, 1902, p. 84, 
t. i, f. »! 

* West A a. S., Waat in Joura. Bpt April, 1908. 
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of the daaghter-cells are at first much fiatteaed, but afterwards 
become more conves. Zoogonidia have not been observed. 

Bohlio was distinctly in error in referring this Alga to the 

ChloFOmonadaled, as the plants are strictly algal in character. 

The ordinary vegetative 

condition of the orga- 

/<**^tfHi. ^Si j^r\, niams belonging to the 

*"^-Wfii MlUSi Chloromonadales ie a 

■-^ ,1F^ f^. ciliated or flagellated 

one, whereas a motile 

condi tion of Gklorobotn/s 

has never been observed. 

'( '"M"^^ ^''^^l^F Moreover, Chlorobotrya 

"^ ■" ' is a very abundant Alga 

and one which I hav^e 

had under observation 

for many years ; and the 

motile condition, fer 

from being the ordinary state of the plant, must be exceptionally rare. 

The genus is undoubtedly nearest to Botrydiopsis Borzi, but 

difiers in the smaller size of the cells, which are associated to form 

colonies, and the prominent mucous investment. Moreover, it ia 

only found in still water, whereas Botrydiopsis inhabits running 

water. 

CM. regularit (West) Bohlin [CMororoccum regulars Weat'] is widely dis- 
tributed and often abundant iu the Sphagnum -boga of tho British Islanda. 
I havB also e^tamined inimcroua Hjiecimena of it from Norway, Switzerland 
and the United States. The cellx are IS - 19 ji in diameter and the families 
(with the mucoiia investments) are 34— 90 fi in diameter; fig. 119. 

Genus Ophiooytiom Nag., 1849. [Indus. Sciadium A. Br,, 
1855.] The cells are free or attached and generally many times 
longer than the diameter. They are commonly solitary, but 
sometimes colonial, and they are usually curved or spirally con- 
torted. The apes of the cell may be capitate or apiculate and 
is sometimes attenuated into a long spine. Each cell contains 
several nuclei and a number of large parietal chroma toph ores of a 
somewhat cylindrical form. The presence of oil dpops is a feature 
of some species. The cell-wall consists of a homogeneous lid fitted 
to the apex of a long tube composed of apposed layers of pectose 

I West in Jonni. Boy. Mior. Soa. 1892, p. 737, t. x, t 55. 
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compounds. Vegetative division does not occur. Asexual repro- 
ductioD takes place by the division of the cell-contents to form 
ellipsoidal aplanospores, or to form eight ovoidal zoogonidia with 
two cilia. In those 
species which are at- 
tached the zoogonidia 
generally come to rest 
on the rim of the empty 
tube-like cell and there 
grow into adult cells. 
A repetition of this pro- 
cess produces a curious 
branch-system. Some- 
times the zoogonidia 
develop on the apices 
of other cells which 
contain the cell-con- 
tents. No gametes have 
been observed. The 
genus was monographed 
by Lemmermann', but 
the validity of the thir- 
teen species he puts 
forward is questionable. 

Several speciea 
(A. Br.) Babeoh. 

systems; diam. of cells 3 — 8^; fig. 120 J, 0. maj'ia Niig. is the largest 
^)ecie6, the cells reaohii^ a diameter of 17 ;i; fig. 120 A. 0. cochleare {Eichw.) 
A. Br.. 0. capitaium Wolle, 0. biaupidatuvi (Borge) Lemm. and 0. parvulum 
(Perty) A Br. are also frequent species. 

Genus Tribonema Derbes & Solier, 1856. [Conferva in the 
sense used by Lagerheim, 1888.] The plants of this genus are 
simple filaments of cylindrical or slightly barrel-shaped cells with 
strong cell-walls. The latter are often of considerable thickness 
and the filaments fiequently break up into H-pieces. Each 
H-piece consists of a transverse cell-wall with a cylindrical piece 
on either side, and the whole is compased of a number of layers of 
pectose compounds. Each cell is thus bounded by the halves of 
two H-pieces. The cells contain one (or sometimes two) nuclei 
and a variable number of parietal chroma tophores. In some 
> Leminermanu in fiedvigia, Bd iizTiii, 1699, pp. 30— B8, t. iii A iv. 



% majti* Nag,, from 
BowneM, WeBtmorelanJ. B — G, O. coehlrare 
(Eichw.) A. Br,, TroiD eame locality. H and I, 
O. biciupidatum (Borge) Lemm. tonna longitptTia 
Lemm., from Pilmoor, N. Yorki, J, O. Arbat- 
evla (A. Br.] Rabenh., &om Mitcham ConuooD, 
Surrey. (AH x i50.) K, O. graeilieepi {A, Br.) 
Babeoh,, after treatrnent with patossimn hydrate 
(alter Boblin, x670). 
widely distributed in the British Islands. 0. Arlnucala 
an attached species, often with very pretty branch- 
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species the chromatopbores are few and irregular, but more often 
they are numerous and diacoidal. Asexual reproduction takes 
place by the formation of globular or ellipsoidal aplanospores, 
which escape by the breaking up of the filament (fig. 121 B and I) ; 
also by zoogonidia with a pair of unequal cilia (fig. 121 C). 
Sexual ifiproduction occurs by the conjugation of isogamous 
gametes, but the conjugation is not strictly isogamous, as one 
gamete comes to rest and rounds itself off before another swarms 
up to it and conjugates with it. The structure of the cell-wail of 
this genus was well described by Bohlin*, who tilso demonstrated 
the close affinity between Tribonema {Conferva Lagerh.) and 
OphiocyUvm. 

Concerning the abandonment of the generic name ' Conferva,' 
I cannot do better than quote at length the remarks recently 
made by Hazen'. He writes: — 

"The name Co«/en 
a raodorn geueric tuodc 
different times very diverse groups of plants. 

"Under this name Linnieus included a very large port of tbe braDchiog, 
as well as the simple, filamentous algee. He adopted the genus from DiUeniue. 
The first species mentioued by Linoteus, Conferea rindarit, is undouhtedlj 
the oldest of his group, so far aa the history of these ill-defined forma can be 
determined. This species, according to the synonjmj of Linntcus (Sp. PI. 
11S4. 1763), is Conferva JluviatUU^ tericea vulgarit et Jluitant of Dillenius 
(Hist. Muse. 12, pL 2, f. 1. 1741) ; this in turn is Conferva Plinii Dillen. (Cat 
Plant sponte Giasam naacentium, li)9, 1719); tha earliest description of 
C. Plinii that we have seen is in L'Obel's Plantarum Observationea, 864. 1576, 
but undoubtedly the name is of more ancient origin. 

"Now no one would imagine that the ancient herbalists or even Linnmus 
could distinguish the numerous filamentous forms known to us only by the 
use of good microscopes. Indeed, the fact that Linnieua described only two 
un branched apeciea is sufficient proof of this. Conferva rividarit as collected 
by him, was very likely at one time a Spirogyra and at another time an 
(Edogoniurru This type species, however, aa interpreted by the earlier 
algologists, e.g., Dillwyn, Lyngbye and Mueller, is evidently a form belonging 
to what is now known as Rkiioclonium, and haa come down to us as £. riw^ 
larit (L.) Ktitz. This identification is also conflrmod by Linnajus himself, 
who (Sp. PI. Ed. 14. 1784) quotes the figure of C. rivuUirit from Flora Danica. 

"At any rate, there is no warrant whatever for employing the name Con- 
ferva to designate the genus recognized under that name in Lagerheim's 
revision, for there is no evidence that these species were ever collected by 

1 Bohlin i[ 
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dietinguiBhed hy him from other 



Linaraua, lUtd cerUioly nor 
Himple filameatoua forms. 

"For Lagerheim'B group of speciaa, ob for all genera, the adoption of a 
generic nacne baaed on a, recognizable apeciee, aa a tjpe, ia eesential. Tbe 




Pig. 121. A— G, Tribmema bombycinum (Ag.) Derb. & 8oL; A, from Bhiple;, 
W. Yo^a.; B, shoving aplanoaporee (op), from UenetlB, Cornwall; C, zoogo- 
nidiam, and I) — F, young plants, from Senens, Cornwall fall x460); Q, aft«r 
treatment with potassium hydrate (after Bohlin, x S70}. H and I, T. bomby- 
tinvm foima minor (Wille) nob.; H, from Shiploy, W. York a. ; I, showing 



earliest each name in the present case is Tribrmema Derbes & Solier (1856)'. 
This genus was baaed on a single species. Conferva bomhycina, and in the 
diagnosis, for the first time in the history of the species, explicit mention was 
made of the moHt essential character, namely, the form of the chromatophores, 
although it bad been previously suggested in the plates of Kiitzing. The 
method of soospore dispersal was also first described and illustrated by Uerbes 
& Soher. There is, then, every reason for employing the name Tribonema aa 
a memorial of the discernment of these authors." 



' Derbes & Solier, Him. snr qnetques points de la pbysiologie des Algues 
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T. bombyeinvm (Ag.) Derb. & Sol. ( = (7»»/BrtM bombycina Ag.) ia general 
throughout the British laliuicU; diam. of c«Ui9 &~\6 /i; fig. 131 A— O. A 
Huall toTXD of this spedee [forma minor (Wille) nob.J is also very common ; 
diam. of cells 6— «'6 >• : fig. 121 H and I. T. aptie (Kiitt) nob. {—Conferrxi 
affini* Kiitz.) is the thinnest specieti with the moat eloDgate cells, and the 
chromatophoree are few and irr^ular; diam. of cells G — Q'4 /i. T. ob»o- 
Utum nob. ( = Conferva obtoUla West & Q. S. West] is a much rarer species ; 
diun. of cells 19 — 21 ft. 

GenoB Bmnillerla Borzi, 1895. The cells of this genus are 
arranged in long filaments which differ from those of Con/erva 
principally in the structure of the cell-wall. The latter is 
practically homogeneous and does not readily break into H-pieces. 
The pectose constituents instead of forming closely apposed layers 
may form a distinct mucous cylinder in which the cells appear to 
be embedded. The chromatophores are small, pulvinate and 
parietal. 

B. pmaila West & Q. S. West is the only known British species ; length of 
cells &— 6 Hi diam. 46 — &-T fi; fig. 121 J. 

Family 3. BOTRTDIACEiE. 

This family ia well marked off from the other groups of the 
Confervales by the form of the plants alone. Each individual is 
a rounded ccenocyte of macroscopic size and is attached to damp 
mud by well-developed ' rhizoids.' The chromatophores are very- 
numerous and the methods of reproduction are somewhat 
diversified. 

Genus Botrydlum Wallroth, 1815. The plants consist of 
green, pear-shaped or spherical coenocytes of considerable size, 
growing on damp mud into which they are rooted by a branched 
system of colourless rhizoids. The ccenocytes are vesicular, with a 
lining layer of protoplasm in which are embedded numerous nuclei 
and chromatophores. The latter are irregular in form, more or leas 
evenly scattered in one or more layers through the lining proto- 
plasm, and are generally in close contact with the nuclei. Bodies 
of the nature of pyrenoids have been observed in the younger 
stages of the plant, but starch is not formed. The rhizoids possess 
protoplasmic contents and many nuclei. Wager has observed 
mitotic division of the nuclei and states that the chromatic sub- 
stance appears to reside wholly in the nucleolus. 

This plant reproduces itself aaexually in a great variety of 
ways, depending largely on the conditions of environment, any 
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change of conditions usually resulting in a correaponding variation 
in the reproductive proceaa These different processes have been 
worked out by Rostafinski 

and Woronin' and the '~~~' 

final result is in each case 

either the production of I | 

zoogonidia or aplano- ' 1 

spores. The zoogonidia 
are small and ovoid in 
shape, with one or two 
chromatophores and one 
long cilium. (Very pro- 
bably there is a second 
shorter cilium, but its 
presence has not yet been 
ascertained.) The whole 
plant frequently becomes 
a huge zoogonidaagium, 
especially if it becomes 
submerged, and the zoo- 
gonidia escape through 
an apical opening. The 
aplanospores, which are 
globose or ellipsoid, often 
become hj^jnosporea, and they are frequently produced in numbers 
in the rhizoids. On the green portion of the plant above ground 
becoming too dry, the contents migrate into the rhizoids and a 
large number of aplanospores are formed. The development of the 
young plants varies much, depending upon the external conditions. 
Rostafinski and Woronin described a sexual reproduction by 
the conjugation of isogaraous gametes, but Klebs has given good 
reasons for doubting this. 

B.granviatnm (L.) Grev. isa very local plant It occurs widely distributed 
over the BritiBb Islands, but tbe conditions are not often suitable for its 
appearance above ground. It is found almoat exclusively on drying-up mud, 
and itoraetimeii occuru in countleaa numbers on mud turned out from a canal 
or ou the drying bottom of a muddy pond. I have observed these plants so 
thick as to stand out in mulberry-like masses from the surface of the damp 
mud. The nature of the niud is immaterial and tbe Alga is not uncommonly 
found on ubalk mud. The plants reach a diameter of 2'£S mm. Fig. 122. 



/ 



Fig. 133. Botrydium gramdatitm (L.) Grer. , 
from Calverley, W. Torka, A, nat aze; B and 
C, x46i D and E, xi50; D, apIanoaporeB; E, 
germinating aplanospore. 



' Bostafinski ift Woronin in Botan. Zeitong, z: 
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Class 5. BACILLARIE^. 

This claas of AlgEe includes a large number of minute plants 
known as the DiatomB. They are perhaps better known under 
the name of the Diatomacese, but the earlier name ' BaciUarieee ' 
has been in use for many years among systematiste, particularly 
in continental Europe, and the name 'Diatomacese' ia here retained 
for one family only. The class is a very large one, with well- 
marked characters, and includes about 10,000 species. As would 
be expected among such a large number of species there is great 
variability of form, but at the same time the Diatoms always 
possess those salient features which mark them off &om all other 
Algte. 

They are universally distributed in both fresh and salt water, 
and as the wonderful sculpture of their cell-walls renders them 
objects of great beauty, they have long been made the subject of 
special study by numerous students of natural history. 

Diatoms are unicellular pluits, mostly of minute size, the cell- 
walls of which are composed of an organic matrix impregnated 
with silica. The silica can be removed by the action of hydro- 
fluoric acid, leaving the organic matrix behind ; or the organic 
matrix, which is allied in composition to cellulose, can be removed 
by calcination leaving behind the siliceous constituent. 

Each individual Diatom is tenned a fruattde, and the cell-wall 
consists of two more or less equal valves, joined together by two 
connecting-bands which overlap. E^h half of the Diatom is thus 
composed of two pieces, a valve and a connecting-band, and the 
connecting-band of the older half fits over that of the younger 
half like the lid of a cardboard-box. The connecting-bands, 
although closely fitted to their respective valves, are distinct Irom 
them, and the two bands together form what is termed the girdle. 
The latter does not usually consist of two closed hoops, but as 
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Palmer and Keeley* have pointed out, each band of the girdle is a 
two-ended band of silica with the ends overlapping without being 
joined. Each frustule possesses a thin coat of mucus which can 
be readily demonstrated by slight staining with aniline dyes. 

Diatoms often occur as solitary, tree-floating individuals, but 
they may adhere to one another to form chains, either by their 
valve-fiices to form ribbon-like or 
thread-like colonies {Euvotia, Melo- 
giro), or by mucous cushions at 
their angles to form zig-zag colonies 
(Tabellaria). Some adhere closely 
to larger plants by the whole of one ''' 

valve-fiice (Cocconeis), or they are 
affixed to some larger object by 
simple or branched gelatinous stalks 
(Gomphonema); others occur in large ct-. 

colonies embedded in a common 
mucilaginous envelope, either as a 
compact mass or a simple or branch- 
ed tube. This condition is commoner 
ib marine species than in freshwater 
ones, and is variable even in indi- 
vidual species. Marine Diatoms 
also reach a much larger size than . 

freshwater ones. 

In referring to any individual 
Diatom, the aspect in which the 
girdle side is exposed to view is 
best termed the girdh-vino (or 
zonal-vimo), and that in which the 
sur&ce of the valve is exposed to 
view the valve-view. 

The valves are as a rule thin and transparent, slightly convex 
on the outside, and in almost all species they are ornamented with 
variously disposed strire. The beat lenses, however, have shown 
that these strise consist of series of small cavities within the 
siliceous wall of the Diatom, and it is their close and regular 
arrangement that causes them to appear as striee. The strite are 



Fix. 138. A, TBlve Tiev ot 
Havicula nobilvt £hrenb. var. Dae- 
tylut (Ehrenb.) T. H., from Dol- 
gell;, Wales (x350). B, girdle 
view of N. major Eittz., from 
Shipley, W. Yorke. ( =< 800). en. 
central r"^"'"- •- '"■■ 



' Palmar aod Eeeky in Proo. Aeaa. Nat. S«i. PhiladelpIiiB, 1900. 
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BO estremely fine and conBtant in some species as to furnish 
splendid test-objects for the definition and angular aperture of the 
lenses of microscopes. The valves of some genera, particularly the 
marine ones, exhibit a beautiful areolated structure, due to the 
presence of chambers in the siliceous cell-wall. These chambers 
may be open to the exterior or covered by a thin membrane, and 
their inner walls are perforated by exceedingly minute apertures 
or pores which lead into the cell. These pores are not present in 
all species of Diatoms, MuUer and I^uterbom having shown that 
in some species of Navicula (PinntUaria) they are probably absent. 
Schutt affirms that there is no question of the existence of pores 
in many species of Diatoms, ^id their existence in a large number 
of others is extremely probable. He draws a distinction between 
pores and dots, and this has been further emphasized by MUller. 
The latter' has termed small circular dots which resemble pores 
' poroids ' ; he gives O'l/j, as the minimum diameter of pores, and 
0'4 — 0"5ju ae their maximum diameter, and all structures over 
O-6/i he regards as 'poroids'.' MUller* recommends treatment 
with hot sodium carbonate and potassium hydrate in studying the 
structure of the cell-wall. 

H^ribaud' states that increased altitude and enfeebled light 
cause a diminution of the number of striae and of their strength, 
accompanied by an increase in the length and breadth of the valves. 

Many Diatoms exhibit a thickening of the cell-wall, visible in 
the valve-view, in the centre of the valve and very often at both 
extremities. These thickenings are known as ncdulea. The 
nodules are very frequently connected by a long median line 
known as the raphe. If the central nodule spreads out in a 
lateral direction it is known as a stauros. A portion of the" valve 
on each side of the raphe and round the central nodule is often 
quite devoid of striae ; this plain or smooth portion of the valve is 
sometimes spoken of as a hyaline area. 

The raphe, for at least some part of its length, is a true cleft 
in the valve through which the protoplasmic contents of the cell 
are placed in communication with the surrounding medium. 
(Consult Fig. 124r.) 

1 O. Ittaiei ia Beriohte Deataoh. Bot. OeseUsch. ivii, 189!). 
^ O. Milller, torn. oit. tTiu, 1900. 

• 0. iSmer, torn. dt. xii, 1901. 

* H^iibaad in CompWa Bendux. civiii. 1S91. 
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Some Diatoms poeeesa a pseudo-raphe, which is a simple line, 
central or sub-central, and withont a central nodule. Often the 
raphe is conspicuous in both valves, but sometimes it is only 
present in one valve (^cAnan- 
thes, Cocconeis, Rkoicoaphenia). 
In many Diatoms the raphe is 
obscure and marginal or sub- 
marginal. In some species, such 
as Navicularu}bili^EhTenh.,there 
is a smaller accessory raphe which 
lies alongside the primary one, 
and is united to it close to the 
central and terminal nodules. 
In Vankeurckia there is a sili- 
ceous rib on each side of the 
raphe and nodules, and in Am- 
phij^eura the central nodule is 
greatly elongated. 

Some Diatoms (Fragilari- 
oidete, MaMogloia) possess longi- 
tudioal septa which are always more or less considerably perforated. 
These septa are ptuvliel to the valve-foces and are usually situated 
between the girdle and the valves. 

Each individual Diatom contains a more or less centrally dis- 
posed nucleus, generally with a nucleolus. A very weak solution 
of methylene blue will bring out the nucleus in living Diatoms, 
staining it clearly before the rest of the protoplasm. The proto- 
plasmic mass surrounding the nucleus is connected with the 
primordial utricle either by two broad bands of protoplasm or by 
a number of radiating or anastomosing threads. One or several 
large vacuoles occupy the central portions of the cell. 

The chromatophores of Diatoms are somewhat variable. One 
or many may be present in each cell ; they may be small and 
discoidal, large and plate-like, or extensive anastomosing masses 
occupying a lai^e part of the lining protoplasm. In many species 
they are extremely irregular in form, being band-like, lobed, or 
even presenting the appearance of pedbrated plates. They are of 
a golden-yellow or brown colour, or very rarely green, as in some 
forms of Navicula viridia Kiitz. and If. cuapidata Eiitz. They 
contain chlorophyll, but this is masked by the presence of a brown 
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pigment known as diatmnin, which resembles the phycoph^in of 
the FhseophycesG. The diatomin, which can be extracted by 
alcohol forming a yellow-brown solntion, ia itself a complex sub- 
stance containing, amongst other pigments, xanthophyll. An 
alcoholic solution of diatomin turns a beautiful blue-green colour 
on the addition of sulphuric acid. The chromatophorea contain a 
. variable number of pyrenoids which often project into the interior 
of the cell as rounded elevations. Mereschkowsky' has observed 
pyrenoids which have partially or entirely emerged from the 
chromatophores, appearing as free colourless bodies on their inner 
suHaces. 

The nutrition of the vast majority of Diatoms is holophj-tic, 
but a few saprophytic forms are known*. The latter are peculiar 
in the complete absence of pigment, and they apparently occur 
in water in which there is an abundance of decaying organic 
matter*. Kareten* has found that Nitzsckia palea (Kiitz.) W,Sm, 
when cultivated in favourable nutritive media will become 
saprophytic. 

Diatoms are incapable of growth in size owing to the siliceous 
nature of their cell-walla, but slight alterations of volume can take 
' place by a sliding movement of the connecting-band of the older 
half of the cell over that of the younger half. 

In addition to the symmetrically arranged markings on the 
valves, the frustules of Diatoms possess an external symmetry in 
one or more planes. Some of them are zygomorphic in one plane 
only, some in three planes at right angles, and others exhibit a 
radial symmetry. 

The movements of DicUoms : — Most of the solitary, unattached 
species of Diatoms exhibit movements which have long been a 
puzzle to students of biology. This power of locomotion ia 
especially marked in species of a naviculoid form, and various 
explanations have at different times been put forward to account 
for it. The movements of some forme are very slow, but others 
are capable of propelling themselves with considerable rapidity 
backwards and forwards in the direction of their longer axis. Thk 
spontaneous movement is sometimes creeping and steady, but at 

' UereBohkowaky in Flora, icii, 1908, pp. 77—83. 

■ The (oUowing are oolourlsBfl saprophytio DJatoma: —NifucMa putrida Beneoke, 
H. Uvcoiigma Beneclce, and Synedra ht/alina ProvBsck. 

* Benecke in FriQgtbeim'B Jkhrb. f. viBieneah. Bot. uiv, 1900. 
' Karateu in Flon, Ixixii, 1901. 



n,s,t,..dDi. Google . 



BaeUlarieee 266 

other times jerky, and is generally along a fixed substance with 
'which the Diatom is in contact. It is not at all comparable to 
the firee-swimming movements of many other AlgEe, and, as a rule, 
only takes place when one valve-fiice of the Diatom is in contact 
■with the fixed object. 

Ehrenberg (1838) imagined the movement to be due to the 
protrusion of cilia or. of a pseudopodium through the raphe of 
the valve, whereas Nageli (1849) attributed it to the passage of 
osmotic currents through the celi-vall. Max Schultze (1865)', 
who observed the movements of minute foreign particles down 
the length of the raphe, attributed the locomotion to the contrac- 
tility of a small portion of the protoplasm which was protruded 
through the raphe. Hallier (1880) considered it to be due to 
a, contractile layer of protoplasm, and Onderdonk (1886) also 
regarded it as due to an external movement of protoplasm, hut 
Mereschkowaky (1880)' concluded that the evidence was in favour 
of Nageli's theory of osmotic currents through the cell-wall. 
O. MUller (1889)* demonstrated the presence of a large number of 
minute pores and anastomosing fissures in the valves of certain of 
the large species of Nauicula (Pinnularia), and showed that the 
central and terminal nodules are traversed by straight and curved 
canaliculi which run towards the raphe and are eventually merged 
with it. Owing to intracellular pressure the protoplasm emerges 
from the pores of the central or terminal nodules and passes 
down the whole length of the raphe, returning into the cell-cavity 
through the pores of the terminal or central nodules as the case 
may be. There are thus two seta of currents on each valve of the 
IHatom. The cause of the movement of the firustules was ascribed 
by Mulier to the reaction of the motive forces of this living stream 
of protoplasm upon the surrounding water. Schiberszky (1891)*, 
from observations on Synedra, agreed with Pfitzer that the move- 
ment was due to a coating of protoplasm which escapes from the 
raphe, and which is in a condition of vibratile motion. He believed 
that the currents along the raphe were usually interrupted jerking 
or pulsating movements. 

Cox (1890)' revived the idea of a line of cilia along the raphe, 

> Max Sobultze in Arohiv fUr Mikr. Anat. Bd 1, 1866, p. 376. 
< Meresohkowik7 in Bot. Zeitoug, ISBO, p. 539. 

> 0. HilUer in Bericbte DeDlsch. Bot. OeaellMb. Bd vii, 1889. 

* S«liilberezfc7 in Hedwigiai, xxi, 1B9I. 

* J. D. Cox in The Hionnoope, Jnlj, 1890. 
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aod suggested that the absence of silica along this line could be 
accounted forty the obstruction of the moving cilia. Blitschli (1892) 
also imagined that the presence of a cilium or a fine fl^ellum 
would explain the phenomenon, but no methods of staining have 
ever demonstrated the existence of such structures. 

The movements of some of the larger species of Navicula 
(Pinnularia) have been explained by Butschli (1892)' and by 
Ijauterbom (1894)' to be due to the production of a delicate 
filament which is protruded fi?om the raphe at a point opposite 
the central nodule. The frustules of Navicula major Kijtz., 
JV. nMlia Ehrenb., and N. viridis KUtz. are surrounded by a 
distinct mucilaginous envelope, and the protruded filament is 
quite colourless and transparent, resisting all attempts to stain 
it with aniline dyes. It lies alongside the raphe, but not in 
contact with it, and it elongates by a series of jerks. BUtschli 
puts this forward as the explanation of the jerky movement of 
Diatoms, the frustule being pushed backward by the elongation of 
the filament, the distal end of which is fixed to the substratum. 

In 1893 0. MUUer* again emphasized his previous explanation 
of the movements of Diatonis, affirming that they were dependent 
on the forces connected with the protoplasmic currents on the 
surfiice of the valve, and he denied that the movements could be 
the result of the filaments described by Biltschli and Lauterbom. 
He likewise stated that these filaments were composed of proto- 
plasm, and not of mucilage. Lauterbom (1894)' contested that 
the production of motility by the streaming of protoplasmic 
currents, as suggested by MUUer, would be an isolated phenomenon 
in either the vegetable or animal kingdom, whereas movements 
are known to occur in the Desmidiace^ and Oscillatoriaceee as a 
result of the excretion of mucilage, and, according to Schewiakoff, 
in the creeping Gregarinidte also. Milller (1894)' replied again to 
the criticism of his hypothesis, and stated that the analogy which 
had been drawn between the movemente of Diatoms and of 
Desmids was a false one. .t 

There is no doubt that in many of the smaller motile species 
there is a complete absence of gelatinous filaments such as those 

■ Blltscbli in Abhandl. naturh.-med. Ver. Heidelberg, 1692, Bd iv, Heft 6. 
' Laulerborn in Bericbta Dentsch. Bot. Oeeeilwh. Bd lu, 1894, p. 78. 

> 0. Uiiller in Berichte Deutaob. Bot OeiellBch. Bd xi, 1893. 
* Lauterbom, torn. ait. lii, 1894. 

> 0. HUller, torn. cit. xii, 1891. 
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occurring in the larger Bpecies of Navicula {Pinnularia), even 
thongb the movements of the &UBtules, the structure of the valves, 
the system of fissures and pores, and the arrangements of the 
protoplasmic currents are the same. In some of the small species 
of Navicula the movements are extremely active, comparing not 
unfavourably with the stow movements of certain of the Intusoria. 
If the movements of such Diatoms be due to the secretion of 
gelatinous material, then the amount secreted in a short space of 
time must be relatively enormous. 

After a careful consideration of the fects which have been 
brought forward with a view to the elucidation of this most 
interesting problem, there appears to be no doubt that the move- 
ments are connected with the raphe, and the balance of evidence 
indicates that in some Diatoms at least they are due to an exuda- 
tion of mucilage. 

The muttiplicatian of Diatoms takes place by successive 
bipartitioQS, each division resulting in a gradual reduction in the 
size of the individuals. A slight increase in the volume of the 
frustule is the first appreciable change, after which the nucleus 
divides kaiyokinetically. A division of the cell-protoplasm now 
takes place, and a new siliceous valve is formed over each divided 
wr&ce. These new valves are situated within the girdle of the 
original frustule, and the connecting-bands of the new valves are 
soon developed, sometimes making their appearance before and 
sometimes after the separation of the individuals. Thus, each 
individual consists of a new valve and an old one, the connecting- 
band of the old valve overlapping that of the new valve. Some- 
times the cells do not separate, but remain in contact after division, 
successive bipartitions resulting in a chain of individuals. Owing 
to the formation of a pair of new valves within the girdle of the 
old ones, and since the cells when once formed are incapable of 
growth, eveiy succeeding generation becomes reduced in size by 
the double thickness of a connecting-band. This statement is 
• not strictly true, however, in the case of some of the filamentous 
Bpecies, and possibly in many others. It has been shown that 
daughter-cells are often produced of larger size than the parent-- 
cells, such daughter-cells being recognizable by the thickened rim 
of the valves. This bet has a retarding influence on the diminu- 
tion of the size of the cells, the reduction in size not being in 
strict proportion to the number of bipartitions ; and, concerning 
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the multiplication in the filamentous genus Melosira, Mttller' 
has drawn np a definite law of division. He has shown that 
the multiplication of the cells takes place in such a manner 
as to prevent as much as possible the division of the smallest 
daughter-cells. This law, although indicating the prevailing 
conditions of multiplication in Melosira, is not true of all 
Diatoms. 

On the greatest diminution of size having heen reached for 
any one species, the maximum size of the species is regained by 
the formation of an auxospore, and there are five methods of 
r^nvduction by auxosporea. 

(1) The protoplasm of a cell of the smallest size (sometimes 
termed a ' microfhiatule ') swells up and forces apart the halves 
of the frustule, escaping to the exterior enveloped in a cellnloae 
membrane. This is the auzospore, the wall of which rapidly 
becomes silicified and assumes the markings characteristic of the 
species, but the form of the cell is usually very different from that 
of the original frustule, and often most irregular. This large, 
newly-formed cell of irregular appeaiance almost immediately 
undergoes division, the individuals of each succeeding generation 
rapidly regaining their characteristic form and elegance. Miquel*, 
who has made a special study of the manner in which the maximum 
form of a Diatom is re-established, based upon experimental 
cultures of a number of species, states that such re-establishment 
of the maximum size is habitually brought about by the formation 
of this simple type of auxoepore. It is merely the rejuvenescence 
of a single cell accompanied by an increase in size. (Fig. 126 C 
andD.) 

(2) Two auxoepores may be produced by the division of the _ 
contents of a single frustule. Each of the two portions of the 
cell-contents emerges from the cell and develops as in the first 
method. This method has only been observed in JOiabdonema 
arcuatum (Ag.) Kiitz. and Acknanthea longipea C. Ag. 

(3) An auxospore may be formed by the conjugation of the 
contents of two frustules. The two Diatoms become enveloped in 
a common mucous covering, and the cell-contents emerge and frise 
to form a single body, which then develops into an auxospore. 

■ MQUer, 'Die Zellhaut uod die Oesetze der ZelltheilungBfolge von Ueloein 
arenaria Uoore.' BeTlio, 18B3. 

■ Uiquel in A.nnal. de Hiciograpbie, iv, 1803. 
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This is a true conjugation of aplanogatneteB with the formation of 
a. zygospore. (Fig. 125 B.) 

(4) Sometimes two irustules approximate and the cell-contents 
throw off the old valves, bub there is no conjugation. The two 
rounded tnasaes of cell-conteats 

lie close together or separated 
by some of the enveloping jelly, 
and each develops independently 
into an auxospore. r 

(5) A pair of Diatoms ap- 
proximate, but before conjugation 
the protoplasm of each cell divides 
into two daughter-cells. Two 
auxospores are then formed by 
the fusion of a daughter-cell from 

each mother-cell with a daughter- I 

cell from the opposite mother- I 

cell. This is known to occur in 
Amphora ovalis YMti., Epithemia 
, Argua (Ehrenb.) Kiitz.', and Na- 
vicula limoaa Kiitz. (Fig. 125A.) 

A normal auxospore can be 
regarded as one produced by the 
conjugation of two cells (or ga- 
metes), those produced without 
conjugation being parthenoge- 
netic. The first and the fourth 
methods are the ones most fre- 
. quently observed. The most im- 
portant feature in the formation 
of an auxospore is the increase in 
size of the cell. Karsten' considers that the majority of Diatoms 
exhibit undoubted sexuality. 

Castracane and other observers have recorded another method 
of reproduction by the formation of small spores within the 
frustules. Kitton' and Lockwood* have each stated that Diatoms 
may possess spores (" microspores ") so small as to pass through 

■ Klebahn in Jfthcb. fQr ougeDHch. Bot. xiii, 1896. 

3 Karaten in Biol. Centralbl. ii. 1900; Flora, Ixivii. IWO. 

* Kitton in Joiirn. Quekett Mior. Club, Ber. 2, ii, 1885, p. 178. 

* Lockwood in Joam. New York Mici. Soo. 1886, ii, p, 163. 



Fig. 135. A, NaviciiUi Iinuwa 
Kiitz., from the New Forest, HanU. 
( X 150). B, AcbnanlheiJUxella (KOti.) 
Br6b., from Cnig-Bn-Loahan, Scot-' 
laod {x460). C. Navictila Amphit- 
bvna Bory, from Barnes ComnioD, 
Suire; ( x 460). N. viridii Kilts., 
from Glough. Antrim, Ireland ( x 350). 
C and D iUnetrate the Htst method of 
aaiospore fonnation, B, the third 
method, and A the fifth method. 
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filter-papers, but these obeervatioDS require confirmation, as they do 
not seem to agree with the researches of Miquel. Castracane' has 
stated that the normal method of reproduction of Diatoms is by- 
spores or germs, and that multiplication by division, although 
veiy common, is the exception rather than the rule. This state- 
nieot I consider to be erroneous, as I am fully convinced from my 
own observations of these plants that the normal method of increase 
is a multiplication by cell-division. 

Sometimes a resting condition occurs, a pair of new valves 
being formed within the old ones. This corresponds to the forma- 
tion of aplanospores in the Chlorophycese, and has been termed 
the craticular state. 

Diatoms are amongst the commonest of microscopic objects, 
and they are ubiquitous in all kinds of damp and wet situations. 
They occur in fi^esh, brackish, and salt water, often forming a 
yellowish -brown scum at the surface, or thickly clothing larger 
AlgEB or other aquatic plants. They are most abundant in cold 
latitudes, having a decided preference for cold water, although 
some of them have become adapted to life in hot-springs. In the 
ocean they are more abundant than any other pelagic plants, and 
in the cold surface-waters of the Arctic and Antarctic Oceans they 
occur in prodigious quantity. They form a considerable part of 
the food of many freshwater and marine animals, and are often 
found in quantity in the alimentary tracts of Molluscs, Crustacea, 
Tunicates and Fishes. They are found in abundance in Ouano, 
having passed through the alimentary canals of birds which feed 
on marine animals. Since they occur in quantity in the suriace- 
waters of the ocean and of lakes, they constitute a very large 
proportion of both the marine and freshwater plankton. Many of 
these plankton Diatoms are furnished with long spines or spinous 
processes, and they are frequently associated to form free-floating 
colonies. Some genera and species are exclusively pelagic in 
habit. According to Voigt" such forms are sometimes furnished 
with gelatinous threads and membranes, by means of which their 
floating capacity is materially assisted. 

Some of the freshwater species are occasionally the cause of 
foulness of drinking water'. This is due to the formation of an oil 



.i-,:,G00t^lc 



BaeUlariea 271 

analogous to the essential oils, and the foulness could be prevented 
by storing water in the dark. It has been suggested that the 
immense beds of petroleum which exist in certain regions have 
had their origin from the oil secreted in the protoplasm of 
Diatoms'. 

Miquel has made many interesting experiments on the cultiva- 
tion of Diatoms, and he finds that, although they thrive in water 
at freezing point, they cannot withstand being frozen. Their 
vitality is destroyed at — 15° C, and a temperature above 45" C. is 
rapidly fetal. Desiccation is also fatal. The yellow rays of light 
are the most &vourable for cnltivation, so that cultures should be 
placed under yellow glass. 

Jjarge numbera of fossil Diatoms are known. Not only are 
these minute plants actively engaged at the present time in 
forming oceanic and lake deposits, but the numerous Diatomaceous 
Earths are a proof of their activity in former ages. These earths 
are of a white or grey colour, often so soft and friable as to crumble 
readily between the fingers, and they are composed almost entirely 
of the siliceous valves of Diatoms. They may have had a marine 
or a freshwater origin, and most of the forms contained in the 
deposits belong to genera, and many of them to species, now living. 
The deposits have been formed in past times at various periods of 
the earth's history, but they appear to be principally associated 
' with rocks belonging to the Tertiary formations. Some of them 
are of economic imj>ortance, being used as polishing powders 
("Tripoli"), as non-conducting materials, as absorbents for nitro- 
glycerin in the manufiicture of dynamite (" Kieselguhr "), as a 
dentifrice, and for other purposes. Although many species usually 
occur in deposits of this nature, one is usually predominant, form- 
ing the great mass of the material. In some parts of the world, 
such as in China, Japan, Siberia, Lapland, and other countries, 
certain earthy deposits of a diatomaceous origin are mixed with 
meal to make a kind of flour. The best known deposits in the 
British Islands are those at Dolgelly in Wales, and at Toorae 
Bridge in Antrim, Ireland. The deposit at Biln, in Bohemia, 
which is about 14 ft. in thickness, was estimated by Ehrenberg to 
contain some 40,000,000 of the friistules of Diatoms in every cubic 

> Er&mer & Spiiler in Beriohte Deutioh. Chem. Oewllscb. xxiii, 1S99. 
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inch'. The well-known deposit at Bichmond, Virginia, U,S.A., is 
very extensive and reaches a thickness of 30 ft., while on some of 
the recent geological surveys beds have been discovered in the 
western states of America no less than 300 ft, in thickness. These 
earths contain on an average 80 °/„ of Silica. 

It is generally assumed that the earliest appearance of fossil 
Diatoms is iii the Upper Cretaceous (chalk), although Castracane 
has recorded the occurrence of certain species in coal from the 
Elnglish Carboniferous beds, and Edwards* has stated that he has 
found valves of Diatoms belonging to the genera Synedra and 
Melosira in still older rocks in New Jersey. These observations, 
however, require confirmation. 

The Bacillarieie has been placed by some authors in close 
proximity to the Conjugata: and by others as an order of the 
Phseophycete, but the characters of Diatoms are sufficiently dis- 
tinctive and their structure bo uniform as to warrant their position 
as a distinct class, the affinities of which are doubtful. 

I have adopted, with slight alterations, the classification of 
Diatoms put forward by Schtltt', aud since followed by Lemmer- 
mann and others. It is to my mind the most natural one, as it 
separates all those Diatoms with a radial symmetry from those in 
which the finistules are zygomorphic or otherwise irregular. 

Classifications based upon the disposition and mode of division 
of the chromatophores, such as those suggested by Pfitzer', Petit*, 
Felletan^ and Ott', are impracticable owing to the fact that so 
many genera and species are unknown in the living state. That 
published by Prof H, L. Smith* and subsequently adopted by 
Van Heurck in bis ' Treatise on the Diatomaceie,' is based upon 
certain features in the structure of the valves, such as the form of 
the raphe, but these characters are not so clear and distinctive 

1 In a Teport on tlie chemical composition of the plankton of the Bsltio Sea, 
Brandt states tbat 675,000,000 of the dried fraatules of Diatoms {mostly Chatocenu) 
weigh one gramme. Cfr Brandt, 'Beitr. zur Kennta. det chem. Zasammeni. dcft 
Planktons,' WisaeuBch. MeereBuotersuch., Neue Folge, Bd iii. Heft 3, 1698. 

> KdwardE in Amer. Honthl? Hicr. Joum. ii, 1899, p. 392. 

' Schiitt in En^ler ic Praotl's Die NatUrl. Paanzenfam. I Teil, i, Abteilnngb, 
1896. 

* Pfitzer, ' Cnterenchangen iiber Ban nnd Entviaklnng der BaaiUariaoBen,' 
Bonn, 1671. 

' Petit in BuU. de la Soc. Bot. de France, Paris, 1877. 

* PelletaD io JoDrn. de Microgtaphie, ivi, 1892. 

' Otl in S. B. k. Akad. Wiasensch. Wien, cii, 1900. 
' H. L. Smith in The L«ne, Chicago, 1872. 
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as the primary divisions adopted by SchUtt. The Bacillarieie are 

divided into the two following ordere : — 

Order I. Centricrs. Valves with a concentric or radiating 
Bynuaetry around a central point ; without a raphe or pseudo- 
raphe ; valve-view circular, polygonal, or broadly elliptical, 
rarely boat-shaped or irregular. 

Order II. Pennatod. Valves truly zygomorphic or irregu- 
lar, never centric ; valve-view mostly boat-shaped or needle- 
shaped, with markings arranged in a sagittal manner in 
relation to the raphe or pseudo-raphe (sagittal axis). 

Order I. CENTRICiE. 

This order includes a relatively small proportion of the known 
species of Diatoms, and few even of these are inhabitants of 
f^h water. 

The cells are commonly cylindrical and when seen in cross- 
section (or from the valve-view) they are circular, polygonal, 
elliptical, or rarely more elongate. Some forms are disc-shaped, 
their diameter being much greater than their length ; others are 
of equal length and breadth or longer than their diameter. Many 
occur as solitary, free-floating individuals, but others are joined 
more or less firmly by their valve-faces to form cylindrical filaments 
of variable length. 

The structure of the valves is typically centric, even in those 
species in which the valve-view is zygomorphic in outline. The 
markings on the valve-tace are either concentrically disposed or 
arranged in the form of radiating strist!, the latter often termi- 
nating in marginal punctulations or dots. In all cases the 
arrangement of the markings is in relation to a morphological 
centre and never in relation to a middle line. There is no raphe 
or paeudo-raphe. 

There are usually many small parietal chromatophores of a 
plate-like form in each cell, but occasionally only two large plates 
are present. 

Auxospores are known only in a few species. 
The order is divided into four nub-orders, only two of which include 
Britiith freshwater species. One of the aub- orders— the Biddiilphioidem — 
includes a large number of conepicuous luariiie Diatoma. 

Sub-order 1. Discoidece. CellH shortly cylindrical or diuc-Hhaped, 
in valve-view circular; hyaline or with radiftting or areolated m&rkiags. 
w. A. 18 
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Sub-order 2. SoUaoidtm. CelU elongate, cylindrical or subcylin- 
dric&l, circular or broadly elliptical in cross-section (or in the valve- 
view) ; valves exhibiting a scaly structure; apicee often obliquely 
conical and furnished with a apine or a bair. 

Sub-order 1. DISCOIDE^. 

In thifl division of the Centric^ the cells are more or less 
shortly cylindrical and often disc-shaped.. In the valve-view or in 
cross-section they are circular, and the valve-faces are frequently 
very convex. The cells may be solitary and free-floating, or they 
may be joined into long chains or filaments by gelatinous cushions: 
The valves are generally without any kind of protuberances, and 
they may be hyaline or eshibit areolatious or radial striations of 
any degree of coarseness. Very often the markings on the valves 
are divided into distinct sectors, and sometimes there is a ring of 
small spines (rarely of long bristles) at the outer margin of each 
valve. 

The chromatophores consist of numerous small plates, either 
circular in outline or with lobed margins The nucleus is generally 
centra], but it may lie near the girdle in a alight thickening of the 
primordial utricle. 

Only two British families of this sub-order possess freshwater repreeenta- 

Fomily 1. Udonraeece. Cells subspherical or shortly cylindricaJ, 
circular in cross-section, aud united to form long filaments or chains ; 
girdle usually with a well-marked structure. 

Family 2, Ctuciacditcacea. Cells mostly disc-shaped and solitary; 
valve- view circular ; girdle usually without structure. 

Family 1. MEL08IRACB.S. 

The cells are mostly shortly cylindrical, rarely subspherical, 
and they &Te usually united by gelatinous cushions to form 
filaments of considerable length. The valve-view (and the cross- 
section of the cell) is circular or very rarely somewhat compressed. 
There is a great uniformity in the type of the cell, and the valves 
may be flat, convex, or greatly arched. The valve-foce is often 
divided into concentric areas, a broad central region and a 
peripheral ring of variable width. In some forms there is a 
circular keel, occasionally provided with small wart-like protu- 
berances, and in others the valves possess a peripheral ring of 
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small spines or teeth. The girdle usually exhibits a well-marked 
structure. The chromatophores are small, numerous, parietal and 
plate -like. 

Genus Meloslra Ag., 1824. [GaiUtonella Bory; Lysigonium 
Link; lAparogyra Ehrenh.; Orthodra Thwaitea; Spkceropkora 
Hass.] The frustules are cylindrical, ellipsoidal, or globular, and 




are united to form filaments of variable length. The valve-view is 
circular and plainly punctate. Auxospores are formed without 
conjugation, by the rejuvenescence of the contents of a mother-cell 
to form a much larger daughter- cell, the long axis of which is either 
parallel or at right angles to that of the mother-cell. These large 
daughter-cells continue to divide while still remaining parts of the 
original filament. 

The genus is divided into four sections:- — Sect. 1. Eiimdonra Schiitt, 
includiiig M. arenaria Moore, M. granidata (Ehrenb.) RaUi) aud M. Roaeaaa 
Babenb. ; Sact. 2, Lytigtmiwn Link, including M. variant Ag. ; Sect 3. 
Podotira Ehrenb., marine; Sect. 4. OaillioneUa Boiy, including M. numniu- 
ioidet (Bory) Ag. 

Tbere are sOTUe six or eight freshwater species occurring in the British 
Inlands. M.variaTukg. is oneof the most abundant of the centric Diatoms, oc- 
curring in large qvuuititiea in i>onds,ditchesand slow rivers (fig. 126 C^E). M. 
arenaria Moore occunt on wet rocks, sometimes forming crisp mat-like masses 
on dripping sandstone rocks. It is common on the Carboniferous Sandstone 
of England. M. granviata (Ehrenb.) Ralfs occura in boggy pools and also in 

18—2 
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the planktOD. if. Roeteana Rabenti. occurs on damp rocka among variouB 
Mjxophjoee and also among damp mosses. The filaments of 11. grantUata 
are sometimee not more thaii &/1 in diameter, but tboee of M. arenaria reach 
lOOfi in diameter (Sg. 126 A and B). 



Family 2. COSCINODISCACEJB. 

In this family of the Discoideee the cells are generally disc- 
shaped, with the valves flat, convex, or more rarely highly arched. 
In the valve-view they are circular. There ia an absence of warts 
or other protuberances, but there is Bometimes a peripheral ring of 
spines. In some the valves possess concentric areas with different 
types of structure, but they are not divided into sectors by special ■ 
radial strands. The usual type of structure consists of radial rows 
of punctulationa or areolations, and there are never any excentric 
spots. The girdle is commonly atructurelesa or its structure is 
almost indeterminable. The cells are solitary and free-floating. 
The chromatophores are small and numerous, consisting of rounded 
or lobed, parietal plates. Most of the genera of this family are 
marine or fossil, and in many instances the distinctions between 
them are very obscure. There are only three British genera 
inhabiting fresh water. 

Genus Cyclotella KUtz., 1833. The frustulea are disc-shaped 
and the valves are circular, exhibiting two concentric areas. The 
inner area is smooth or granulate, but the outer annular area 
possesses radiating striae, which are smooth or punctate. Occasion- 
ally minute spines are present near the margin of the disc. The 
valves are excentrically bullate in most species, so that the frustule 
seen from the girdle-view possesses undulate margins. 

There are five species known to occur in the freshwaterB of the British 
Islands. C. operculata KUtz, (fig. 127 B and C), C. Meneghiniana Kiitz., and 
(7. KiLtdngiana Chauvin are more or leas widely distributed, and C. comta 
(Ehrenb.) Kiitz. is often abundant in the plankton. They vary in diameter 
from 10— aOft 

Genus Stephanodlacus Ehrenb., 184.5. The valves are 
circular, with radiating series of punctulations alternating with 
radiating smooth spaces which present the appearance of linea 
In the centre of the valve there are scattered punctulations and 
round the margin is a ring of simple acute spines. The centre of 
the valve is generally bullate. 
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St. Hantuehianut Gnin, occurs in the plankton of Lough Ne^h and i 
le river Thames ; diam. of frustules 12— 20f» ; fig, 137 A. 




FiR. 127. A, SUfhanodiiciu Hantuehianut Qran. (After Sob[6der. x644.) B 
bnd C, CyctottUa optreulata Kiitz.. from Shipte; Olen, W. Yoiks. (k4S0). 
D, CoMinwluctM lacuitTi* Qran., from the plankton of Lough Neagh, Ireland 
(>.460). 



Genua CoBCinodiacns Ehrenb,, 1838. The valves are circular, 
elliptical, or rarely subthomboidal, without any sbrise or costse, but 
with radiating punctulations or areolations. There is a distinct 
edge bo the disc, usually furnished with a ring of submarginal 



The limits of thia genus are exceedingly difficult to deBne aud the 
synonymy is moot confusing. There are over 300 known apeciea, mostly 
marine, and only one occure in the freahwaters of the British Islands. C. 
lactutru Grun. occurs in the still waters of rivers and lakes, and reacbee a 
diameter of 60/i (fig. 127 V). It sometimes occurs in the plankton of lakes. 



Sub-Older 2, SOLENOIDE^. 

In this second sub-order of the Centricte the cells are rod- 
shaped, many times longer than the diameter, and mostly circular 
in croes-section. After division the cells sometimes 
attached in more or less fragile chains. 
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Family 1. RHIZOSOLBNIACBJE. 
The cella tire elongated, more or less cylindrical, and often form 
chains. In croes-section (or in the valve-view) they are either 
circular or broadly elliptical. The extremi- 
ties of the cells are attenuated and either 
symmetrical or asymmetrical. In the latter 
case there is a calyptra or hood surmounted 
by a sharp spine or a long needle-like seta. 
This attenuation of the extremities of the 
cella is really a more or less excentric, coni- 
cal projection from the valve-feces. The 
girdle exhibits numerous rings of large 
rhomboidal scales, and the frustules are 
sometimes imperfectly siliceous. The chro- 
matophores consist of numerous small plates, 
generally somewhat elongated. 

Genus Rhizosolenia Ehrenb., 1858; em. 
Peragallo, 1892. The frustules are very 
elongated and aubcylindrical. The valves 
are asymmetrical, terminating in a hood 
which is fumiahed with a apine or a long 
seta. The spines or bristles are excentric, 
but are disposed parallel to the long axis of 
the cell. The girdle region of the cell con- 
sists of rings of scales, which are more or lesa 
imbricate. The chromatophorea are small, 
rounded or elongated plates. The auxo- 
spores are formed without conjugation, 
H3^nospores are sometimes produced, one 
or two in each mother-cell. 



Fig. 128. RhitOK- 
lenia longiitta Zach. 
(After Soliroder, xS41.) 
A, fniBtale Bhowiog test- 
ing Bpore; B, germina- 
tioD of r««tii)g Bpore. 



plankton of the British Itilands. R. longiiela Zach. 
(fig. 128) occurs in the plankton of Loch Shin and 
Loch & Gharbh Bhaid Mhoir, Sutherland, aod 
R. erietirU H. Smith also occura in Loch Shin. 



Genus Cylindrotheca Rabenh., 1859. The irustules are 
symmetrical and apindle-shaped, with the apices much attenuated. 
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They are ornameoted with several spiral lines, running along the 
wa.lls of the valves from end to end of the frustule and crossing one 
another at intervals. The chromatophores are small and granular. 
The structure of the cell-wall is only imperfectly known and the 
position of the genus is uncertain. It should perhaps be associated 
with the Nitzschiacete. 

C. gracUU (Brdb.) Omn. \_ = NiU»chia Ttenia W. Sm.] ie tbe only known 
speciea and ia a rare Diatom in the frmh and braukiah wat«r8 of England. 

Order II. PENNAT^. 

This is by far the lai^est order of the Bacillarieie and includes 
all those Diatoms in which the valves are not of a centric type. 
The structure of the valves is arranged in relation to a line and 
not to a central point. The cells are acyclic, being rod-shaped, 
elliptic, or boat-shaped in cross-section (or vaJve-view). The 
marks (striee or costse) on the valves are disposed on either side of 
a Sf^ttal line (which is either a raphe or a pseudo-raphe), some- 
times arranged at right angles to it and sometimes forming an 
acute angle with it. 

The cells exhibit great variability of fonn and in most cases are 
truly zygomorphic The commonest type of cell is the naviculoid 
or boat-shaped type, hut the frustule may be a flattened plate or 
an elongated rod, which may be straight, arcuate, or sigmoid. 

The different forms exhibit all degrees of development of the 
raphe. In the lo*est forms of the Fragilarioideie it is entirely 
wanting, but in other forms of the same group there are tbe first 
beginnings of a pseudo-raphe, In the Naviculoidese the raphe is 
present on both valves of the frustiile,and it is sometimes situated 
on a median or obliquely disposed keel. It reaches its highest 
development in the Naviculaces. 

There is a strikiag absence of spines and long processes from 
the irustules of Diatoms of this order, although in a few instances 
they are furnished with small prickle-like excrescences. 

Great variation is exhibited in the size and form of the chro- 
matophores, which are in all cases parietal. In the lower families 
of the Fennatffi each cell contains a large number of small plates 
(the coGcochromatic arrangement), but in the higher families 
one or few large lobed plates occupy the greater part of the inner 
surface of the cell-wall (the placochromatic arrangement). 
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The methods of formation of ausosporea are as yet only 
imperfdfctly known. In some of the higher forms the method 
is a sexual one, and the highest known type is found in the 
Surirellacese. 

The order ia ifivided into the following sub-ordere ;— 

Sub-Older h Froffilariouleai. Cells mofltlj Btraight, rod-shaped or 
lAnceokto, withobt » raphe, but Bometimee with a pseudo-raphe or 
Bhowiog indicatioDB^ the commencement of a raphe. 

Sub-order 2. AchnilB^houiM. Cella crooked or suddenly b«it, 
with a raphe on (ine val^e ant^a peeudo-raphe on the other. 

Sub-onier 3. Navieuloide^\^b vsJ^e of tlie cell with a raphe; 
valves without a keel (or rarely witff^^keel) in the sagittal line (line of 
raphe). ^^v 

Sub-order 4. Nibschwideie. Each valNe of ^^^ '^ ^^^ * "P*^ 
which is situated in a sagittal keel with caricSt^ot^- The keelfTof ^ 
two valves are situated on opposite sides of th^rii^'ule <"■ d'»P'«*^ 
to the same side. Cells in transverse section rhoi^^"' 

Sub-order 5. Surirelloidea:. Each valve of the celfi]''*'' * P«'"'j^ 
raphe and generally with spreading suhmarginal wings ; ffl(t''** sl^wS'J 
coBtate. 



Sub-Older 1, FRAGILARIOIDE^. 



idle- 



In this sub-order the cells are mostly rectangular in the 
view, and rod-shaped, lanceolate, or arcuate in the valve-vie 
the MeridionaceEB they are elongate and cuneate in both 
Sometimes they occur as solitary individuals, but they are mi 
commonly joined by gelatinous cushions into either straight '"" 
zig-zag, ribbon- 1 ike filaments. In some there are felse sepr 
traversing the frustules, but in others these are absent. There it 
no raphe, but in most of them there is a pseudo-raphe forming a 
sagittal line in relation to which the markings of the valves are 1 
arranged. In the Meridionaceie the presence of this pseudo-raphe 
is scarcely evident. The chromatophores are mostly numerous, 
small and granular, but in the Eunotiacese they are few in number, 
large and plate-like. 

The sub-order included the following five families : — 

Family 1, Tabdlariacece. Cells forming tabular jilates in the 
girdle-view, united to form band-like or zig-zag filaments ; with well- 
developed false int«mal uepta. Talves with a straigbt median pseudo- 
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Family S. Maridiontuxa. Cells elongate and cuneate, united to 
form a flat spiral filameut or situated od branched gelatinotis stalks ; 
with false aepta. Valves with a very indistiDct median pseudo-raphe. 

Family 3. Diatotaacea. Cells mostly rod-shaped or subrectan- 
gular, united into l>and-)ike or zig-zag filameats; valves with feebly 
developed transverse septa and a median paeudo-raphe. 

Family 4. Frofftlariacete. Cells in girdle-view rectangular, gene- 
rally united to form ribbon-like Blaments. Valves without any false 
septa and with a median peeudo-niphe. 

Family 5. Eunatiaeea. Cells elightly curved or arcuate in the 
valve-view, solitary or united into band-like filaments. Pseudo-raphe 
nearer to one edge of the valve. 

Family 1. TABEI.LABIACEJE. 

The cells are stout and expanded in the girdle-view to form 
flat, rectangular plates. In the valve-view they are bilaterally 
symmetrical, linear or linear- elliptic, often with a swollen median 
portion and aometimee with aubcapitate extremities. They are 
mostly united to form band-like or zig-zag filaments by mucous 
cushions on the valve-faces or at the angles. In the interior of 
the frustules are two or more false longitudinal septa. Both valves 
are precisely similar with a straight median, pseudo-raphe (sagittal 
line). The chromatophores are numerous and granular. 

Genus TetracycluB Ralfs, 1843; em. Gnin., 1862. The 
fi-ustules are tabular and are united to form short or long, ribbon- 
like filaments. There are a number of perforated longitudinal 
septa, which appear in the girdle-view as ribs with thickened 
apices. There are also false transverse septa at right angles to 
these, which appear as few or many costse (or ril») in the valve- 
view. The median portion of the valve may or may not be 
swollen. 

There are two British species, T. lacmtrig Ralfs (length of valves up to 
30/11 fig- 1^ A — C), which prefers hilly districts and is often found in the 
plankton of mountain lakes, and T. rupalrii (A. Br.) Orun., a species which 
occurs on dripping rocks in mountainous areas. 

Genus Tabellaria Ehrenb., 1839. The frustules are tabular 
and united to form zig-zag filaments, the basal cell often being 
fixed to the substratum by a mucous cushion at one comer of 
the valve. There are a number of perforated longitudinal septa, 
which appear in the girdle-view as prominent lines which fail to 
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reach the middle of the cell. Sometimes instead of a large 
perforation in a septum, the septa are alternate, and only extend 
about two-thirds the distance from one end of the valve to the 
centre. The valve-view is sublinear, more or less strongly swollen 
in the middle and subcapitate at the extremities; its surlace is 
transversely striated, the striations being slightly broken in the 
middle, thus indicating the presence of a rudimentary pseudo- 
raphe. The auxospores are formed two in each mother-cell. 



Fig. 139. A^C, Telraeyrtut laciutrit BaJfs, from the plankton of Loch Shin, 
Satherlimd. D &nd B, Tabtllaria fentitrata (Lyngb.) Kiitz., from Mickle Fell, 
M. YurkB. F And li, T. fioeeuUua (Roth) Kiitz., from Mickle Fell, M. Yoiks. 
(AU xSOO.) 

There are two common British species, of which 7'..^occB/o*i(Roth)KUtz. 
(fig. 129 F and G) is the most abuad&nt. T fenestrala (Lyngb.) KUtit. (fig. 
129 D and E) has more slender and elongate valves, the largest specimens 
noticed having reached a length of 137 fi'. A pretty variety of the lattar 
species — var. attericmeUoidet Grun. — in which the trustulea are arranged in 
circles, is known from the plankton of Loughs Neogh and Beg in Ireland, and 
from that of many lochs in Scotland and in the English Lake District. It 
ia probably general in the British freshwater plankton and there are two very 
distinct forma of it. 

Qenus Dlatomella Qrev., 1855. The irustules are tabular, 

solitary, or joined to form ribbon-like filaments. There are only 

1 West & Q. S. West in Trans. Roy. Irish Acad. 1902, vol. iixii, sect. B. part 1, 
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two &lse longitudinal septa, well seen in the rectangular girdle- 
view, and which are perforated by three openings, one central and 
two polar. The valve-view is oblong-lanceolate, with a slight 
median swelling ; its sur&ce is transversely striated with indications 
of a pseudo-raphe and slight traces of nodules. 

S. Bal/oanana Qrev. in a rare Britieh Diatom the frustules of which 
reach a length of 30/l 

Genus Dentlcola Klltz., 1844. The frustules are more or less 
tabular, solitary or attached to form short filaments. There are a 
row of imperfect transverse septa in each valve, which appear as 
capitate marginal ribs in the subrectangular girdle-view. The 
valve-view is lanceolate and the septa appear as strong transverse 
ribs, between which are delicate punctate striae. The face of each 
valve is carinate and for this reason Denticula has been associated 
with Nittackia. In the region of the girdle, and between it and 
the valve on either side, is a longitudinal septum with a row of 
perforations, the edges of these perforations being fused to the 
transverse septa. There is no raphe or pseudo-raphe. 

D. dtgana Kiitz. and D. tenuu Elitx. (fig. 13(1 C and D] are both frequent 
amongit moeeefl on wet or dripping rocks. Valves up to 45 ^ in length. 



Family 2. MERIDIONACEJE. 

The frustules are more or less rod-shaped and cuneiform, and 
are either united by their valve-faces to form a flat spiral filament, 
which often makes two complete turns, or they are disposed at the 
extremities of a branched system of gelatinous stalks. In both 
the valve- and girdle-views the fiiistules are symmetrical in 
relation to a longitudinal axis, but asymmetrical about a transverse 
axis. In some there are two (sometimes more) false longitudinal 
septa, but no transverse septa; sometimes these are confined to 
the broad end of the frustule (lAcmopkora) and at other times 
they extend the whole length of the valves (Climacospkenia). In 
others there are no felse longitudinal septa, but numerous short 
transverse septa pass across the keeled face of each valve {Meridion). 
There is no raphe, but there is a structureless sagittal line which 
indicates the first commencement of a pseudo-raphe. Beaching 
almost up to this clear line are numerous transverse striations of 
„&, very delicate character. The chromatophores are scattered in 



■v, Google 



284 BaciUariece 

the form of numerous small plates. Two auxospores arise from 
two mother-cells. 

Genus Merldlon Ag., 1824. The frustules are very similar to 
those of the genus DitUoma. The valve-view is clavate, sometimes 
with a subcapitate apex, and the girdle-view is cuneate with a 



} 



truncate base and apex. There are no ^Ise longitudinal septa, 
but a number of imperfect transverse septa, which appear as very 
short mai^nal costas in the girdle-view and as transverse costse in 
the valve-view. Between these costae are fine punctate strise 
interrupted in the middle by a smooth line or pseudo-raphe. The 
frustules remain attached after division, forming beautiful, flat, 
spiral filaments, which are free-floating. 

M. circulare Ag, (fig. 130 A and B) is often abundant in Btagnant ditches 
and ponds, and may frequently be obtained in pure inaHaes. The vaj. con- 
itriclam (Ralfs) V. H. is also frequent. It is a Diatom which appears to be 
moat abundant in the early s|)ring, often forming brown Gocculeot ntasaes 
around submerged grass-leaves, etc. It is one of the prettiest of British 
freshwater Diatoms ; length of valves up to 26 fi. 

Family 3. DIATOMACE.£. 

The frustules are elongate, rod-shaped or lanceolate in the 
valve-view, and are united to form ribbon-like or zig-zag filaments. 
There is no keel, but the valves possess strongly marked transverse 
ribs which project inwards as more or less deep transverse septa. 
There are no fiilse longitudinal septa. The pseudo-raphe is con- 
spicuous or it may be wanting. The girdle-view is rectangular. 

Genus Diatoma B.C., 1805. The valve-view is lanceolate or 
linear, sometimes with capitate extremities, and is fiimished with 
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Fig. 131. A— D, Dialoma elongatum Ag., 
hotn Wicken Fen, Cambridge. E and F, D. 
hirmale (Lyngb.) Heib., from Howgill Fells, 
W. Yorks. a. D. hiemaU var, mtiodon (Kiitz.) 
V. Henrck, associated with the typical fonn. 
(Ail xSOO.) 



Fragilariaeece 286 

transverse ribs or costse, between which are fine punctate striae. 
The peeudo-raphe is indistinct. Sometimes there are slight traces 
of longitudinal septa. 
This genua is distin- 
guished from DentiaUa 
by the absence of a keel 
on the valve-feces and 
the absence of perforated 
longitudinal septa. 

There ore four Britiah 
«>pecies, three of which, D. 
vulgare Bory (length of valves 
40— &O/1), D. elongalum Ag. 
(length of valves up to 70 ;j; 
fig. 131 A— D) aod D. hitmaU 
(Lyngb.) Heib. (fig. 131 E— G) 
arecommon. The two formtr 
are generally diutri bated in 
quiet watciB, but the last- 
named is more abundant iu hilly diBtricts, often occurring in pure masses 
or mixed with a smaller variety (var. maodoa). 

Family 4. FRACtlLARIACEJE. 

In this &mi]y the cells are mostly elongate and rod-shaped. 
They may be solitary, joined to form rtbbon-like or zig-zag fila- 
ments, or arranged in a circle like the radiating spokes of a wheel. 
There is no keel, the valve-faces being plane or almost plane. 
The pseudo-raphe is evident or entirely wanting, and there are 
sometimes slight traces of central and polar nodules. The girdle- 
view is generally rectangular, but the valve-view is lanceolate or 
elongate, sometimes with produced apices or with one or two 
lateral swellings. There are transverse costje or ribs and no false 
septa, but the valve-faces are marked with transverse punctate 
striffi of variable intensity. The chromatophores are sometimes 
small and granular, or they may be in the form of large plates. 

Genus Fragilaria Lyngb,, 1819. [Odontidium Kiitz. ; Gravi- 
matotienia KUtz. ; Rat/sia O'Meara.] The valve-view is fusiform, 
lanceolate or linear, generally with produced apices, and sometimes 
with one or two lateral inflations. The pseudo-raphe is sometimes 
scarcely evident, sometimes broad, and there are no nodules. The 
valve-faces possess transverse striations, which may be exceedingly 
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fine or rather coarse and composed of bead-like punctulations. 
The girdle-view is rectangular. The frustules are joined together 
by their valve-feces to form ribbon-like filaments, or they are 
united by small mucous cushions at their comers to form zig-zag 
filaments. In the section Eufragilaria Ralfe the pseudo-raphe is 
very insignificant and the chromatophores are small and granular ; 
in the section Staurosira Ehrenb. (= Odontidium KUtz.) the 
pseudo-raphe is broad, often lanceolate, and the chromatophores 
are plate-like as in Synedra. 

F. capucina, Deamaz. (length of valvea 30 — 60 /t; %. 132 C and D) is 
much the commoneat freshwater apecies, but F. mutabilis (W. Sm.) Grun. 
uid F. virueent Ralfe are also gBneiul. F. WTutrum* (Ehrenb.) Grun. and 
F. CrotonentU (A. M. Edw.) Kitton are rarer freahwater species. 

Genus Synedra Ehrenb., 1831. The fhistules are much 
elongated and occasionally bent or somewhat undulated. The 
valve-view is commonly linear or 
linear- lanceolate, with obtuse or 
subcapitate extremities, and there 
is generally a pseudo-raphe or a 
hyaline sagittal line. In the centre 
of the valve-face there is generally 
a small rounded hyaline si»ace, and 
sometimes central and polar nodules 
are present. The valves are finely 
striated, the strife being transverse 
and reaching up to the pseudo- 
raphe on each side. The girdle- 
view is elongated with truncate 
||| apices. E^ch frustule contains two 

1 E| plate-like chromatophores with un- 

1 If dulated or indented edges. Most 

^ ^^B of the species are solitary, but 

some occur clustered in radiating 
or tan-shaped colonies. 

There are about eight British fresh- 
water species, several of which are 
common, being found in almost every 
table locality and often occurring in immense abimdance in the 
and springs. S. Ulna (Nitzsch) Ehrenb. (length of valves 
pulcMla Kuti. (length 60—130^; fig. 132 A and B) and 



Fig. 133. A aad B, Synedra 
pulckeila KUtz., from Cambridge 
(n600). C and D, FragilaHa 
emiitcina Desmaz., from Shipley, 
Vf. YorkB. (x620). 



kind of 

waters of lakes 
150—260 /i), 
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5- Acttt (KUts.) Grun. are the most abundaot A variety of S. Ulna- 
vox. tpUxdeM (KUtE.) V. H.— is a vvry etrUdog object, the valvea being 
arranged in radiating gronps and reaching a length of 340 ^ S. capUata 
Ehrenb. ia general, but not »o ooinmon as the previous epecsi^ 

Genus Asterlonella HasBall. 1850. The fruBtules are narrow 
and linear, with swollen 
apices both in the valve- 
and girdle- views ; they 
are grouped in radiating 
colonies in one plane.like 
the spokes of a wheel, 
their basal extremities 
being attached by deli- 
cate mucous cushions. 
In the valve-view the 
cells are narrowly linear- 
fusiform with capitate 
apices, one apex being 
larger than the other. 
In the girdle-view the 
cells (tfe linear with 
swollen, truncate ex- 
tremities. The valves 
possess delicate transverse striations, and there is a median pseudo- 
raphe and a hyaline area in each capitate apex. 

A. formota Haas. (fig. 133) is a common epecies In the quiet waters of 
ditches, ponds and lalcee ; length of valves 65 — 90 ft. A. CfracUlima Heib. is 
narrovrer and more elongate (length of valves up to 130 /i), and with the 
preceding apeciex, of which it is perhapa only a variety, ia a regular and 
abundant constituent of the British freshwater plankton. The colonies of 
this genus are Bomewhat fragile and they easily become dismembered. 




Family 5. BUKOTIACEA. 

The cells are free-floating and either solitary or united by 
their valve-faces to foma ribbon-like filaments. The frustules are 
more or less curved or arcuate in the valve-view, the dorsal border 
of which is often undulate, the ventral margin being concave and 
with or without a central swelling. There is either a reduced 
raphe or a pseudo-raphe close to the ventral or concave margin, 
and the valve is transversely striated. The central nodule is 
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mostly absent, but the polar nodules are disposed near the ventral 
margin. The girdle-view is generally rectangular. Each frustule 
possesses two, parietal, plate-like chromatophores. 

Genus Ceratonels Ehrenb., 1840. The cells are solitary and 
in the valve-view the ventral or concave side exhibits a more or 
less prominent central swelling. The apices of the valves are 
obtuse, subcapitate, or rostrate -.capitate. There is a well-marked 
pseudo-raphe close to the ventral margin and interrupting the 
transverse stride. The polar and central nodules are comparatively 
distinct. The girdle-view is linear- rectangular. 

C. Area* (Ehrenb.) Kittz. [= Etinotia Arcu* W. Sm.]. with obtuse apices, is 
a frequent Diatom in mount<Linous areAx, particularly in mountain streams ; 
length of valvea 35 — 60^; fig. 134 D. A variety of it — var. Amphioxya 
(Rabenh.) De Toni — distinguished by ita produced And subcapitate apices, is 
alao abundant in mountainous districts, and pure gatherings of it are by uo 
means UDComroon. The valves reach a length of about 65 /i. 

Genus Etinotla Ehrenb., 1837. [Himantidium of various 
authors ;De«ma^o«iM»i Ehrenb., 
1848; Ampkicampa Ehrenb., 
1849 ; Pseudeunotia Grun., 
1865 ; Climacidivm Ehrenb., 
1867.] The valve-view is ar- 
cuate or bow-shaped and the 
dorsal mai^n is often undulate 
or nodulose. The apices are 
obtuse or more often aubcapi- 
tate. There is no central nodule 
and the pseudo-raphe is not 
very evident owing to its posi- 
tion along the ventral margin. 
The transverse strite are in- 
terrupted across the valve-face. 
The girdle-view is rectangular. 
In one section of the genus 
(Himantidium) the cells are 
united by their valve-faces to 
form long, flexuose, ribbon-like 
filaments. In the other section 

(Eitnotia) the cells are generally solitary, but they may be epiphytic 

in clusters on other larger Algse. 



Fig. 134. 

don, W. .YorkB, (xfiOO). B, E. robuila 
Halts, from Dolgellj, Wales ( x 600). C, 
E, gracilit (Ebreob.) Babenb., from 
Lerwick, SbeUanda ( x 500). D, Cera- 
toueit Arciu KUtz., from Coutley Spout, 
W. Yorks. (X620). 
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lu the first section, E. graeili* (Ehrenb.) Rabenh. {fig. 134 0) and E. pea- 
ti»alit (Kiitz.) Rabenh. are the two commonest species. In the second section, 
E. lunarit (Ehrenb.) Grim, is much the oommonest species (length of valves 
60 — 90 fi), but E. telraodon Ehrenb., E. Veneris Eiltz. and E. bicept nob. 
["Synedra hicept W. Sm. ; E. fiexwaa var. bieapitata Qrun.] are general in 
tnountainuus areas. 



Sub-order 2. ACHNANTHOIDE^. 

The Diatoms of this sub-order are at once distinguished by the 
crooked or geniculate character of the frustules. Seeu in the 
girdle-view each frustule is suddenly bent in its median portion, 
a character not exhibited by any other group of Diatoms. Another 
important feature of the group is the presence of a raphe on one 
valve of the frustule and a pseudo-raphe on the other. Only two 
&mi1ies are included in the sub-order. 

Familj 1. Achnatil/tacea. Frustules elongate and more or lees 
rod-sbaped, generally occurring as stalked epiphytes. 

Family 2. Cocconeidaeem. Frustules flat and p!at«-like, subcir- 
cular or broadly elliptical in outline, occurring aa epiphytes attached 
by their flat valve-feoes. 



Family 1. ACHNANTHACEA. 

The ftTjstulea are straight and symmetrical in outline in the 
valve-view, but geniculate and asymmetrical in the girdle-view. 
In the vaive-view they are in all cases linear or fusiform, often 
with capitate apices. One valve possesses a pseudo-raphe without 
any trace of nodules, whereas the other valve possesses a true 
raphe with both central and terminal nodules. The valves are 
transversely striated, the striie consisting of fine rows of punctte, 
and in some species coette are present between the rows of punctte. 
The chromatophore is usually a thick parietal plate, mostly covering 
the convex valve, but in some species there are a number of small 
granular chromatophores. 

Qeous AchXLBntfaes Bory, 1822. [Ack-nanOiidium Eiltz., 1844 ; 
Grun,, 1880.] The Diatoms of this genus possess the essentia! 
features of the family, and are either free-floating and solitary or 
stalked and epiphytic. There are two sub-genera, Euachnanthes 
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Schlltt, in which the raphe and pseudo-raphe are straight and 

* A median or a little excentric; and Ach- 

Wk uk n vanthidium Riitz., in which the raphe 

^^ Ea IJ and pseudo-raphe are aigmoid. In some 

IV V Ijil species there is a distinct stauros on 

J. the lower valve. Auxospores may be 
formed in two ways: two from a mother- 
cell without conjugation, or one formed 

• H ^^^ by the conjugation of two cells. 

It ^^^H ThelELTgestfreahwaterBpeoieawithastnight 

If ^^^^V rapba, and alHO rather a r&re one, is A. eoaretata 

11 ^^V Br^b.; length of volvea IH— 43 />. A. exilU 

*^ ^^^ Kati., A. tinearit W. Sm. and A. microcephala 

D p E Ktlta. are very Bm&ll species which are often 

FiR. 136. A— C, Achnan- abundant, frequently occurring aa stalked epi- 

tha UtiTigarica Gruu., from phjitee in thick massea round other filamentuus 

ne^ Sutton, C.mbridge ( x j^i„_ j_ Oexdla (Kutz.) Br^b. possassee a 

620). D— F, Cocconett Pla- - - . . j a ■ ^ T^ 

c*M«laEli«ib.,fromSheep'B ^'B'^o'd '^V'^^ ^^ °^^ '^'^ '« abundance 

Oreeit, Cambridge ( x 620). in hilly districts ; length of valves 3S — 50 ft. 



Family 2. COCCOHEIDACEiB. 

The truatules are symmetrical in both the valve-view and in 
transverse section, as in the family AchnanthaccEe. They are, 
however, flat and plate-like, exhibiting a broadly elliptical or 
subcircular outline in the valve-view. The valves are dissimilar, 
one possessing a pseudo-raphe and the other a raphe with a central 
nodule, but polar noduies are generally absent. The frustules 
frequently possess perforated transverse septa which appear in the 
valve-view as ribs. The girdle-view is generally more or less bent 
or arched. The cells possess one chromatophore, which is mostly 
parietal on the convex valve. 

Genus Cocconela Ehrenb., 1835. [Orthoneia Grun., 1868 ; 
AnoHkoneis Grun., 1868.] This is the only genus of the femily 
containing any freshwater species. The frustules are fiat, plate- 
like or leaf-like, and somewhat the shape of a concavo-convex lens ; 
they possess punctate stria;, transverse in the middle of the valve 
and radiating towards the poles. The costie seen in the valve-view 
of some species and which represent the false septa, are confined 
to the outer border of the valve. One auxospore is formed from a 
single mother-cell. 
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There are mtuij marine epecies of this genus, but only two — C. Pedicultu 
Ehrenb. and C. Plaeenlula Ehrenb. (fig. 136 D—F}— inhabit freeb water, both 
of them being abundant and widelj distributed all over the British Islands. 
C. Pedieulai m distinguished from C. Plaeentvla hj the form of the valves, 
which are more attenuated towards the poles, and by the different markings. 
They are both of approximately the same aim (IS — 36 fi in length) and occur 
as epiphytes on filamentous Algs and other water-plants. Filamente of 
Ctadophora and Vaiicheria are often completely covered with these epiphytes, 
which are attached by their flat valve-fac«B. 

Sub-onler 3. NAVICULOIDE.E. 
This ia much the largest sub-order of the Pennatse and is 
characterized by the presence of a true raphe on each valve of the 
frustule, which is furnished with a central and two polar nodules. 
The valves are usually without a keel, but if present it is situated 
in the line of the raphe (sagittal line). The frustules may be 
free-floating, occurring in large numbers in mucous tubes, or 
attached to some fixed object by hyaline stalks. There are three 
well-marked &milie8. 

Family 1. Nam'eulacea. Valves straight, rarely oblique or a^- 
moid, generally with a perfectly straight raphe, more rarely with an 
oblique one; mostly symmetrical about a liingitudioal axis (line of 
raphe) and a transverse axis; girdle-view generally symmetrica! and 
rectangular. 

Family 2. Oomphotumacea. Valvea mostly straight (rarely curved) 
and aymmetricnl about a longitudinal axis (line of raphe); in both 
valve- and girdle-view wedge-shaped. 

Family 3. Coccanmnacece. Valves always curved, symmetHcal 
about one IcDgitudinal plane and a median transverse plane; valve- 
view generally curved, often aublunate ; girdle-view atrai^t and sub- 
rectangular. 

Family 1. NAVICULACEiB. 
The Diatoms of this family are exceedingly numerous and 
well-defined The frustules are generally straight and symmetrical 
in three planes at right angles to each other {Navicula, Vanheurckia, 
etc.), or they may be sigmoid (Gyrosigma), or twisted (Rkoicosigma). 
The valves are almost always elongated, although in a few genera 
(Amphiprora) they may be relatively short. The raphe is somewhat 
variable ; it is generally median with central and polar nodules, 
but it may take up a curved position according to the form of the 
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valve. In some the central nodule forms a wide staurus {Stauro- 
■neis) and in others it is enclosed between two siliceous ridges 
(yanheurckia). In a few genera the valves are carinate, or they 
are unequal, with a straight maigin and an inflated one. The 
valves are striated, the atriie being commonly transverse, punctate, 
and interrupted by the raphe. In Maatogloia the valves are . 
compound, being composed of an ordinary striated vaive superposed 
on a perforated plate. The frustules are moably solitary and free- 
floating, but in some forms they are enclosed within a tough mucous 
envelope which is often much branched ; others are attached to a 
substratum by hyaline stalks. The chromatophores generally 
consist of two large parietal plates which are principally disposed 
over the walls of the girdle-fiices. Two auxospores are commonly 
produced by the conjugation of two mother-ceils, which surround 
themselves with a wide mucous investment. 

There are aeveu British freshwater geaers at the family, distinguiahod as 
followB: — 

A. Valves simple^ 

* Frustules straight and symmetrical in three plaaee at right angles ; 
raphe straight. 
t Raphe straight and simple, with polar and central nodules. 

I Central nodule small Navicula. 

\X Central nodule rorming a stauros Stauronei*. 

tt Bapbe straight, enclosed between two loDgitodina] ribs, 

1 Central nodule small Vanhearetia. 

II Central nodule linear and greatly elon- 
gated Amphipleura. 

** Frustules sigmoid ; raphe sigmoid : Qyratigina. 

*** Frustules twisted ; with sigmoid keel in the 

sagittal line; raphe sigmoid Amphiprora. 

B. Talvea compoiied of two superposed plates Mattogloia. 

Genus Navicula Bory, 1822. [Pinnw^amt Ehrenb., 1843 ; 
Sckieonema Ag., 1824 ; CoUetonema Br4b., 1849 ; Diadesmis Kutz., 
1844.] The frustules are solitary and free-floating or enclosed in 
mucous tubes, rarely united by their flat valve-iaces to form ribbon- 
like filaments. The valves are quite straight and symmetrical 
with regard to the line of the raphe (sagittal line). The raphe is 
straight with central and polar nodules. In the girdle-view the 
friistules are straight and subrectangular. In the valve-view the 
form of the cell is very variable, although the predominant shape 
is lanceolate or fusiform. The markings on the valves are more or 
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leas transverse, sometimes somewhat radiating, and are arranged 
in relation to the line of the raphe. They consist of Btriie or 
costfe of variable strength and are frequently composed of rows of 
punctse. The strije never quite reach up to the raphe, and some- 
times there is a hyaline area of considerable size on each side of 
the central nodule. In rare cases the strite are interrupted by a 
smooth longitudinal area on each side of the raphe and parallel to 
it. The chromatophores consist of two large parietal plates and in 
the formation of auxospores two spores are formed by the con- 
jugation of two mother-cells. 

Navicula is much the largest genus of Diatoms, or indeed, of 
any group of Algae, embracing upwards of 1,000 species, which 
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Fig. 136. A. NavicuUi alpina. (W. Urn.) Ralfs, rrom Lerwich. Shetlftods ( x 400). 
B, .V. viridit KQtz., from BaildoD, W. Yorkg. (xlOO). C, N. iplutTophara 
Kalz., from Wimpolo Park, Cambridge ( x600). D, J/, trriatu (Brib.) Kfitz., 
from Mickle Fell, N. Yatta. ( x 400). E, Rlauroneii PhanieenUron INitzBCb) 
Ehrenb., from Ade! Bog, W. Yorks. ( x 400). F, ,S|. acuta W. Sm., from 
Shipley Glen, W. Yorks. ( x 450). 

occur widely distributed in iresh, brackish and salt water. Many 
are also known in a fossil condition. It has been subdivided by 
Cleve into the three subgenera Navicula, Slauroneis and Dictyoneis. 
The first of these subgenera is divided into the two groups 
Kunavictila and Sckizonetna, and there are twenty-two sections of 
the first group, twelve of which contain British freshwater species ; 
in the second group there are two sections, one of which contains 
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freshwater Bpecies ; the second subgenus — Stauroneis — I prefer to 
regard as a genus ; and in the third subgenus there are three 
sections which are exclusively marine. 

There are about 70 freshwater specicB occurriDg in the British Islands, 
principoUj in stognaDt waters. The most atriking are N. cjupidata Kiitz., 
N. TiobUvi Ehrenb., N. major KUtz., N. oiptna'Ralfa (fig. 136 A) and S. lata 
Br^b., the t?o last-mentioned species preferriog boggy tracts in elevated 
r^iona, in which localities thej are sometimes frequent. jV. perpaiiUa Qrua. 
(length 12-5^) and N. gallica (W. Sm.) V. H. (length 8— 15p) are amongst 
the smallest British species; N. nobUii Ehrenb. is the largest species (length 
200— 400 /i) and N. viridU Kliti. (fig. 136 E) is perhaps the coumonest. 
Some of the small and abundarit species, such as N. exUit Orun. and others, 
axe remarkable for the rapiditj of their movements. Some of the species of 
this genus are utilized as test-objects for the objectives of microscopes. 

Genus StanroneiB Ehrenb., 1843. \Pleurostauron Rabenh., 
1869 ; Sckizostauron Orun., 1867.] This genus is at once dis- 
tinguished from Navicvla by the form of the central nodule, which 
is transversely dilated to form a stauros. The frustules may be 
solitary and free-iloating or attached by their valve-foces to form 
short filaments. 

There are about six freshwater species occurring in Britain, of which St. 
PhaniceiUeron Ehrenb. is the largest and most frequent; length of valvee 
100— 170 /t; fig. 136 E. 

Genus Vanhenrckia Br^b., 18(i8. [Frustulia as amended by 
Rabenh., 1851, but scarcely the Frustulia of Aganlh, 1824.] The 
frustules, which are free-floating or occasionally arranged in a 
linear series in a mucous tube, are of precisely the same type 
as those of Navicula. They possess, however, a very distinctive 
feature in the sagittal line of the valves. There are distinct polar 
and central nodules, which are elongated and enclosed along with 
the raphe between two parallel siliceous ribs. The valves are 
transversely striated, the striffi being very fine and parallel, rarely 
slightly radiating in the median portion^of the valve. 

There are only two British species, V. rhomboidet (Ehrenb.) -Br^b. 
l=^avicala rhomboidei Ehrenb.; fig. 137 A and B] and V. vulgaris (Thw.) 
V. H. F. rhomboide* var, Saxvnica (Rabenh.) G. S. West \^'~Navicida 
erasfmervia Br^b,] is very abundant and widely distributed in the British 
Islands, being one of the most frequent AlgfB in bo^y districta; length of 
valves GO — 80 fi. Pure gatherings of it can often be collected from Splu^- 
Qum-poole. 
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FiK. 1S7. A &Dd B, Vanliturckia Tkomhoidei (Ehrenb.) Bt^b., from Mickle Fell, 
N. Yorkg. (x520). C, AmphipUura pellucida Katz., from Chippenham Feu, 
Cambridge { x 620). D and B, girdle- and valve-viewB of Navicula viridit Kiitz., 
to show chromatopfaores {ch) and Docleus (n). x 100. F, Eunotia gracilii 
(Ehrenb.) Rabenh., girdle view to show abromatophoreB and nucleus ( x 400). 

Genus Amphiplenra KUtz., 1844. The fiustules are solitary 
and free-floating, elongate -fusiform in shape, with a small marginal 
keel near each edge of the valves. The valve-view is narrowly 
lanceolate and the central nodute is greatly elongated, forming a 
narrow rib which separates the raphe into two short portions, each 
portion being situated towards one extremity of the valve and 
enclosed between two parallel ribs. These two ribs unite together 
at each extremity of the valve to form the polar nodules. The 
valves are transversely striated and in some species these strite 
are exceedingly fine. 

OdIj one species. A, pellucida Kiitz., inh&bita tlie freahwaters of the 
British Isles. It is generally distributed and often abundant ; length of 
valvea 80— 140fi; fig. 137 G. The atrioB of this species are eitremdy fine 
(about 37 in 10 fi) and the valvea are used an microscopic teat-objects. Some 
very large forms of it sometimes occur in the freshwater plankton. 

Genus Oyroaigma Hassall, 1845. [Pleuroaigma W. Sm., 1853; 
? Scalpntm Corda, 1835.] The frustulea are elongated, of the 
naviculoid type, and the valves are convex. In the valve-view 
they are sigmoid with obtuse or attenuated extremities. The 
raphe is also sigmoid. There are two sets of striations on the 
valvea, which cross one another either at right angles or obliquely. 
The girdle-view is generally straight and linear-oblong in shape. 
The ehromatophores consist of a pair of large jagged or perforated 
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plates disposed in the maDner common to all the genera of the 
femily NaviculacesB. 

There ore only fotir Britiah A^ehwater species, of which O. attemttUvnt 
(KUtE.) lUbenh. (length of valves 190—250/*; fig. 138 A) and O. Spenearii 
(Queck.) 0. K. (length of valves 80— 130^) are the most abundant 

GenueAmphiproraEhrenb., 1843; em, Cleve.1891. [Ampki- 
campa Rabenh., 1864.] The thistulea 
are free-floating and solitary, with a 
slight twist around the longitudinal axis. 
j^ In the valve-view they are of a navi- 

/ cl| culoid form with a sigmoid raphe, the 

I j/j latter being situated on a prominent 

I / I sigmoid keel in the sagittal axis. In 

■ [^ ! the girdle-view the ii-ustules are broadly 

\J inflated, with a median' constriction and 

B truncate ends. The girdle iteelf exhibits 

K a slight twist, and seen obliquely the 

sigmoid keels of the valves cause the 
fnistules to appear much more twisted 
than is truly the case. The terminal no- 
dules are not very conspicuous and there 
is a small central nodule. The valves are 
finely and transversely striated. 

A. palwiota W. 8m. is often found m 
freeh water, somotimaa in great abundance in 
small pondx and ditches; length of valves 
40—80 ft ; fig. 138 B and C. A. omaia Bailey 
ie also known from the freahwaters of England. 



Fig. ISS. A, Oyrotigma 

attenuatum (Kiitl.) Babenh., 
from Chippenbam Fen, Cam- 
bridge ( X 400). B and C, 
A mphiprora paludota W . Sm , , 
from Wimbledon Common, 
Surrey ( « 400). 




Fig. 1S9. Maitogloia 
Smithii Ihw., trom Baildon, 
W. Yorks. (x600). 



Genus Hastoglola Thwaites, 1848. 
The fi-ustules are of a naviculoid form 
and are enclosed in a gelatinous envelope 
of considerable size. The valve- view 
is usually elliptic -lanceolate, generally 
with produced extremities, and the 
girdle- view is sub- rectangular. Each 
frustule possesses two longitudinal septa 
with a large central perforation and a 
row of marginal ones on each side. 
These two longitudinal septa are per- 
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forated siliceoHB plates situated between the girdle and each valve. 
The valves are transversely striated, the strite radiating somewhat 
in the centre, and there ia a straight median raphe with central 
and polar nodules. 

About four species are known from the freshwaters of the British Islands, 
of which M. Smithii Thwaites (length of valves 30—45 ^ ; fig. 139) and M. 
Dantei Thwaites are the raoBt generally distributed. 



Family 2. OOMPHONEMACEiB. 

This family of the Naviculoidete is characterized by the wedge- 
shaped form of the fruatules, especially when seen in the girdle-view. 
In the valve-view they are naviculoid in form, with one pole 
generally much larger than the other and with sinuate margins. 
The valves are symmetrical about the sagittal axis (line of raphe) 
and the raphe is straight and median. Longitudinal septa are 
present between the valves and the girdle, but they do not extend 
far into the cavity of the cell. Each frustule possesses a large 
parietal chromatophore, which is somewhat sinuate and fits closely 
along one girdle-face, covering the valve-faces and most of the 
other girdle-face. The frustules are generally attached by their 
inferior (or smaller) extremities to a branched system of hyaline 
stalks, which ia attached to a sub- 
stratum. There are only two 
genera, Gompkonema, in which the 
frustules are straight, and Rkmco- 
aphenia, in which they are curved. 
Two auxospores are formed from 
two mother-cells without conjuga- 
tion and grow parallel to each other. 

Genus OomphonemaAg., 1824. 
iGomphonella Rabenh. ; Gomphoneis 
Cleve.l The frustules are of vari- 

., ^ ■ .. I ■ Pia. 140. A. And h, Gompkonema 

able form m the valve-view, gene- j,^i„*,„„ (LjnKb.) A^., from Cut- 
rally with one eirtremity conspicu- ley Spout, w. Yorks. (>:400). c, 

, , J.L .u iL a. <»■ tottilrictum Ehtenb., from Chip- 

ously Urger than the other, often penhwa F«i., Cambridge ( x 400). 
fusiform in outUne or sinuate at 

the margins. Each valve possesses a straight median raphe, and 
the central and polar nodules are well-marked. The valves ore 
generally strongly striated, the strise more or less radiating from 
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the sagittal axis and ia some forms consisting of distinct beads. 
In the girdle-view the frustules are cuneate in outward form. 

There are about 14 British speciea of the geoua, some of which, Huch as 
O. conttrictum Ehrenb. (fig. 140 C), O. acwninaiwn Ehrenb., ff. parrulunt 
Klitz. and others, are common in every part of the British IsUnda, frequently 
occurring aa epii)hytes on other Alg». (?. gemiKotum (Lyngb.) Ag. is the 
largest Hpecies (length of valves 90^1!0/x; greatest breadth 36 — 40/i; fig. 
140 A and B) and is principally confined t« hilly districts, ofl«n forming 
thick felt-like maases of a greyish-white colour on dripping rocks. 

Genua Rhoicosphenla Grun., 1860, In the valve-view the 
frustules are similar in form to those of Oomphonema, being 
fusiform with dissimilar poles ; in the girdle-view they are cuneate 
and considerably curved. The valves are dissimilar, the upper 
valve only possessing a pseudo-raphe and no nodules, whereaa the 
lower valve possesses a raphe and central and polar nodules. 

R. aurvaia (KUtz.) Grun. is common all over Britain, often clothing in 
dense masses the thicker branches of species of Cladophora ; bogth of valves 
13—45^ 

Family 3. COCCONEHACEJB. 

The family is principally characterized by the curvature of the 
frustules in the plane of the girdle, bo that the valve-view always 
appears bent or sublunate. The girdle -view is straight and 
generally subrectangular. The frustules are symmetrical about a 
longitudinal plane and a median transverse plane. Each valve 
possesses a raphe, sometimes straight, but more often curved, and 
situated more or less near the concave margin. There are distinct 
polar and central nodules except in Epithemia. There is one large 
parietal chromatophore in each cell, the median part of which is 
disposed within the concave girdle-face. Two auxoapores arise 
without conjugation from two mother-cells, growing side by side 
as elongated rejuvenized cells. 

There are three British freshwater genera: — 

A. Valves without transverae ribs. 

• Cells not very asymmetrical ; raphe removed from 

the edge of the girdle ; girdle small, without atrira Coceonena. 
•* Cells strongly Bflymmetrical ; central nodule very near 
the girdle on the concave side; girdle brood, with 
longitudinal atriatious AT/iphora. 

B. Valves with tranaverae riba ; raphe often strong and conspicnoiia. 
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Genus Coooonema Ehrenb., 1829. [Cymbella Ag., 1830; 
Ency<mema Kiitz., 1833.] The frustules are asymmetrical, straight, 
or more often sublunate, being strongly 
attenuated from the middle towards 
the extremities, which are obtuse. In 
the valve-view one mai^n is strongly 
convex, whereas the other may be 
slightly convex or concave. In the 
latter case it is generally tumid in 
the middle. The raphe is well-marked 
and is nearer the concave or the less 
convex aide of the valve. The valves 
are striated, the strice slightly radiat- 
ing from the raphe and consisting in 
many species of distinct series of dots. 
The girdle-view is straight, often sub- 
rectangular, and the actual girdle is 
generally very narrow. In some species 
the frustules are free, in others they 
are stipitate, and in others they are 
enclosed in gelatinous tubes, these 
differences in habit having been form- 
erly utilized as generic characters. 

C lancaolalum Ehrenb, in the largaat 
and one of the moat abuod&nt apecies of 
the genus; length of vulves 80 — 160 ft; 
fig. 141 A. C. Vistula Ehrenb. and C. cymbiforme Ehrenb, are emaller specie* 
almost equallj abundant. (J. Ekrenhergii (KUtz.) nob. is a Urge species of 
tare occurrence. C. cutptdatum (Kiitz.) uob. is widely distributed and often 
abundant on wet rooltH in mountainous regions, frequently forming gelatinous 
masMea of a greyish-brown colour. The fmstulea of G. jrroatratum (Berk,) 
nob., C catpitotara (Kiitz.) nob. and C gracile (Rahenh.) nob. occur in more 
or lesB linear Beriee enclosed in gelatinous tubee. 

Genus Amphora Ehrenb., 1831. The frustules are asym- 
metrical, curved or sublunate in the valve-view, with a well-markod 
raphe near the concave side. The central nodule is adjacent to 
the concave margin and is sometimes widened into a stauros. The 
Btriation of the valves is similar to that of Cocconetna. The 
girdle-view is elliptical with truncate apices and the girdle is 
broad with irregular longitudinal striations. The chromatophore 
ie similar to that of Cocconetna, from which genus Amphora 




Fig, 141. A. Cocconenia lan- 
■olaiiim Ehrenb., from Shipley 
Glen, W. YorkB. ( x 500). B and 
C, Araphara uvatii Kiitz., from 
Moidort, iDTemesB ( x 600). 
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principally differe in the position of the raphe, in the form of the 
girdle-view, and in the broad striated girdle. 

Most or the species are marine, but A. ovalit EUtz. ia », comoioii fresh- 
water species with valves 50 — 70 /< in length; fig. 141 B and C. A very 
HPiaU variety of \t— vat. pedicidv* Kutz.— occurs as an epiphyte, generally on 
other Diatoms, such as Nitudiia tigmoidea. 



Genus Epithemia Br^b., 1838. The frustules are solitary and 

free-floating or often epiphytic on other Algse and more highly 

organised ptaota. In the 

valve- view they are slightly 

curved or lunate, with an 

inner concave margin and 

an outer convex margin. 

The valves are apparently 

without a true raphe, which 

is replaced by an excentric 

pseudo-raphe situated close 

to the concave margin, O. 

Milller has shown, however, 

C that one species possesses a 

true raphe, and it is highly 

probable that the so-called 

' pseado-raphe ' of all the 

other species is morphologic- 

^ ally a true raphe. There are 

° strong transverse ribs in the 

valve-view which represent 

transverse septa, and the 

valves are also sculptured 

with transverse rows of 

beads or finely punctate 

stri%. The girdle-view is 

subrectangular, lanceolate, 

or broadly elliptical with truncate apices. The transverse septa 

also show as costie in the girdle-view owing to the convex nature 

of the valves, and they sometimes terminate in small globular 

expansions at their point of contact with a partial longitudinal 

septum, which is situated on each side of the girdle between 

it and the valves. There is either one large chromatophore in 



Tib. 142. A, girdle-view of Epithemia 
gibba^nlz., from Wicken Fen, Cambridge. 
B, valve-Tiew of K. tvr^da (Ehrenb.J Kiilz., 
from Keighlej, W. Yorks. C, girdle-view 
of dividing specimen of E. turgida, from 
Lerwick. Shetlands. D, girdle-view o( E. 
Argui (Ehrenb.) KUtz., from Wicken Fen, 
Cambridge. (AH x4&0.) 
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each cell or two smaller ones. Auxosporas are formed in pairs 
&om two mother-cells after conjugatioo. 

The genuB is almost entirely freshwater in h&bit, E. turgida (Ebrenb.) 
KUtz. being the most abundant Britiah species; leDgth of valves TO — I50fi; 
fig. 142 B and C. E. gibba Klitz. (fig. 142 A) and E. zebra (Ehrenb.) KUtz. 
are also common apeoiea in all kindii of localities. E. gibbenda Etilz. var. 
produeta Qrun. and E. Aiytu (Ehrenb.) Kiita. var. idpettru (W. Sm.) Babenh. 
often occur in large quantitj in mountainoua areau. 

Sub-oi^er 4. NITZSCHIOIDE.*:. 
In this sub-order of the Pennatee the frustules are elongated 
and asymmetrical, generally with more or less of a sigmoid curva- 
ture, f^h valve possesses a keel in the sagittal line, and the 
two keels may be diagonally opposite or both displaced to the 
same side of the frustule. The edge of the keel is usually furnished 
with strong carinal dots. In transverse section the finstules are 
rhombic. 

FamUy 1. NITZSCHIACEJB. 
This is the only family of the sub-order. The valve-view is 
generally straight, with attenuated apices, and a row of carina! 
dots, either median or at one edge. The girdle-view is linear or 
sigmoid, with truncate apices. The keel is along the sagittal line 
of the valve and contains a true raphe. The chromatophores are 
variable; the cells may contain one diagonal plate-like chro- 
matophore, or two smaller diagonal plates, or a large parietal plate 
the median portion of which is opposite one girdle-fece. 

There are three genera, diatinguished as follows :— 

A. Reel median ; valves a little convex ; cells joined 

to form looae bands Bacillaria. 

B. Keel displaced to one side; valves convex; cells free. 

* Keels of two valves diagonatlj opposite Nittukia. 

•" Eeeb of two valves displaced to same side of 

frustule HanUtchia. 

Genus Bacillaria Gmelin, 1788. The fruatules are straight 
and united to form plate-like or ribbon-like colonies, which exhibit 
a gliding movement of one frustule over another. The girdle-view 
is linear, with truncate apices and with a row of carinal dots along 
each lateral margin. The valve-view is narrowly linear, with 
attenuated apices and a median row of carinal dots. The valves 
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are slightly convex, transversely striated, and furaiahed with a 
median keel. 

B. paradoxa Omel. oooutb in the freshwater djkes and drains of the Durth- 
east and east of England ; length of valves 6<) — 70 fi. 

Genus HitZBohia Hassall, 1845; em. Gnin., 1880. [TryblioneUa 
W. Sm., 1853; Qrunowia Rabenh., 1864; Nttzschiella Rabenh., 
1864.] The frustules are generally curved, rarely straight, usually 
free-tloating or more rarely forming a thin stratum. Each valve 
possesses a keel which is displaced to one side, the two keels being 
displaced to opposite sides of the frustule and therefore diagonally 
opposite each other. The valve-view is elongated or elliptic- 
lanceolate, with attenuated and capitate or even rostrate apices, 
and possesses a row of conspicuous carinal dots at one edge. The 
girdle-view is often elongated with 
parallel margins and truncate apices, 
but sometimes the sides are inflated 
and there is a median constriction. 
It is occasionally straight, but more 
often sigmoid. The edge of each 
keel is furnished with a row of strong 
carinal dots, which are sometimes pro- 
longed into short ribs, and the valves 
are transversely striated. 

Thia Urge geniLS of Diatoms has Iteen 
divided by Umnow into 22 sections (includ- 
ing Baciltai-ia). There are about 24 British 
freshwater species, of which jV.paiea (KUta.) 
W. Sm. (length of valves 20-65 ft) and JV. 
tigmoiden (Ehrenb.) W. Sm. (length of valves 
up to 480 n) are the most abimdant and at 
the same time exhibit the greatest exti^mes 
of siiie. N. linearis (Ag.) W. Sm. and jV. 
ciymmunii Rabenh. are common species, and 
X. giauata (W. Sni.) Grun. is general on 
dripping rocks. A', acicularii W. Sm. is a 
sniaU a|>ecies with greatly produced ex- 
tremities ; it is oft«n exceediugly abundant 
in ponds and ditches, and is remarkable for 
the rapidity of its movements. 



Fig. 143. A and B. two 
single valves of Nituchia cim- 
itriela (Kdti.) Pritoh., rrom 
Hawksworth, W. Yorks. | >: 500). 
C and D, N. ligmoi.ien (Ehrenb.) 
W. Sm. ; C, ehort, atmighl, ab- 
Qorma] form in process of di- 
viBion (girdle-view, « 400) : D, 
transverse fiecCion (aFter Schiltt, 
from Pfitzer). 



Genus Hantzschia Grun., 1877. This genus differs principally 
from NUzschia in the position of the keels of the two valves, which 
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are displaced to the same side of the fhiatule. The valve-view is 
somewhat curved with rostrate apices, and the girdle-view is 
straight and linear-rectangular. The carina! dots are very con- 
spicuoua 

H. Amphioxy* (Ehrenb.) Gnui. ia the only freebwater species and is & 
frequent Britieb DUtom. It often occurs iu prodigious quautitf on diuop 
earth ; length of valves 49 — 75 ft. 

Sub-order 5. SURIRELLOIDEiE. 
The Pustules are generally symmetrical with regard to the 
sagittal axis and each valve frequently possesses two rows of wing- 
like projections {or alee). There ia a median pseudo-raphe without 
any trace of nodules, which is sometimes situated on a sagittal 
keel. The valves are generally strongly costate. 

Family 1. SURIRBLLACBiB. 

The Diatoms of this family exhibit considerable variety of 
form, although they are almost always symmetrical with regard to 
the sagittal axis. In the valve-view they may be elliptical, linear, 
ovate, cuneate, or subcircular, with a median pseudo-raphe from 
which radiate strong costce (or ribs). In some forms the valves 
are winged, each being furnished with wing-like outgrowths which 
project outwards at the junction of the valve and the girdle. The 
pseudo-raphe is sometimes situated on a pronounced sagittal keel. 
The valve-&ces are occasionally undulate, the undulations showing 
plainly on each side of the girdle-view, and the frustules are 
rarely twisted. There are two large chromatophores in each 
cell, one within each valve-face, and sometimes with projecting 
internal lobes. In all cases the frustules are solitary and free- 
floating. One auxospore is produced by the conjugation of two 
mother-cells. 

The fomilj includes the three folloning genera: — 

A. Vftlve-facea undulate Cgmatopleura. 

B. Valve-faces not undulate. 

* Valves elliptical or keel-shuped, straight, 
with strong tranaverse ribs ; pseudo-raphe 

of one valve parallel to that of other Svrirella. 

** Valves circular and saildle-Hhaped ; pseudo- 
rupbe of one vnlve at right angles to that 
of other Camp^lodUcu*. 
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Genus Cymatoplenra Turpin, 1827. The fruetules are broadly- 
elliptical or sublinear in the valve-view, often broadly concave at 
each side and with subacuminate 
apices. The valves are furnished 
with a distinct but inconspicuous 
pseudo-raphe and with verj' fine 
transverse striationa. Along the 
margins are short costje which 
simulate coarse beads, and the 
valve-faces are undulate. In the 
girdle-view the frustules are linear 
with a number of large undula- 
Q tions along the lateral margins. 

* The genus is entirely freshwater 

i in habit. 

PiR. 144. A, Cymatoplfura ellip- 
tica (Bi^b.) W. Sro., from Combertoo, C. Solea (BriK) W. Sm. is the corn- 

Cambridge ( n 350). B and C, C. moneat British species ; the valves are 

Solta (Bt*b. W. Sm.; B, sirdlB-viaw , „ »^ „ j v lh ^ ■ .u 

, , ' ' . , ' \v . , . m elODcated and Hiisbtlv Darrowed !□ the 

of large Bpecimen from Esbolt, W. "■"'■6 """ ""^ 6 . 
YotkB.; C.valve-view of small sped- median portion; length 50—130^; 
men from Cornwall ( x BfiO). fig. 144 B and C. C. dliptica (Br^b.) 

W. Sm. 18 almost equally abundant 
and possesses broadly elliptical or elliptic-lanceolate valvea; length 80 — 140/i; 
Hg. 144 A. 

Genus Sorlrella Turpin, 1827. [Original spelling — ' Suriraya.''] 
In the valve-view the frustules are elliptical, linear, ovate, or 
sometimes twisted. There is a median pseudo-raphe and strong 
transverse costte. The pseudo-raphe of one valve is parallel to 
that of the other. The valves possess a sagittal keel and short 
wing-like projections (alse) along their margins. The four sets of 
al* are best seen in a transverse section. The girdle-view is 
subrectangular, oblong, or cuneate, and the girdle exhibits irregular 
longitudinal striations. 

S. hUeriata Br^b. (length of valves 100— ITOji; fig. 145 A) and S. robutta 
Ehrenb. (length of valves 160 — 230 ^i) are two of the largest and most 
frequent freshwater species. A variety of the latter, S. robuiia var. uplendida 
(Ehrenb.) V. H., is general in the British freshwater plankton (fig. 146 C). 
A much smaller species, S. ovaiis Bri->b., with numerous varieties, is very 
abundant ; length of valves 1 6 — 80 /l S. ipiralit Kiitz. is remarkable for the 
twisting of the valves round the longitudinal a»is. 
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Fig. 145. A, Surirrlla biieriata Br£b., from Adel Bog, W. Torka. {valve view, 
X 100). B, S. IxTuarit W. Sm., &om Mickle Fell. N. Torks. (girdle view, x 400). 
C, S. Tobtata Ehrenb. vat. ipltndida ^hrenb.) V. H., from near PenEanoe, 
Cornwall (valve view, x400). D and E, Campytoditeut Bibtrnicai Ehreiib., 
from BailJoD, W. Yotke. ; D, valve view; E, view showing the laddle-sbaped 
ftUBtnle; x400. 

GeDUS CampylodlBCTiB Ehrenb., 1841. The valves are ap- 
parently irregularly circular, although in reality they are perfectly 
circular. The apparent irregularity is due to their curvature, the 
friistule being aaddle-ahaped. Elach valve possesses a median 
pseudo-raphe, and the peeudo-raphe of one valve is at right angles 
to that of the other. The valves are furnished with coatte, 
generally short and often beaded. The genus is mostly marine. 

C. SeAineit Ehrenb. and C. Sibernicru Ehrenb. (fig. 145 D and E) are 
general but scarce in the freahwaterH of the British Islands. Diam. of valves 
about 100 u. 
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Class 6. MYXOPHYCE^ (or Cyanophycese). 

The Myxophycese (or Blue-green Algte) is the most primitive 
class of the Algte, some of the lowest forms having considerable 
resemblance to the Bacteria. They are often termed the Cyano- 
phycese', but the earlier name ' Myxophycese' was given a definite 
and restricted meaning by Stizenberger, so as to include all those 
plants now recognized as the blue-green Algas. {Considt Introduc- 
tion, page 3.) It also emphasizes the most conspicuous habit of 
these plants, namely, the manner in which the great majority of 
them exist in gelatinous masses or strata. A few of them are 
unicellular, some are colonial, and others filaioenk>us. They are 
found eveiywhere in damp and wet situations, and many of them 
are almost entirely suhaeQal in habit. In moist climates many of 
the richest tints of the landscape are due to the presence of Alg% 
of this class, which occur in every conceivable situation on rocks, 
stones, and the trunks of trees, and in some regions they give 
a decided character to the country'. The filamentous species 
frequently form compact, felt-like, mucous or leathery patches of 
various colours and of considerable extent, occurring on the vertical 
bees of rocks which are kept permanently moist or wet. Numerous 
Myxophycese occur in the sea, although they are more abundant in 
fresh water. Many of them exist in quantity in both the marine 
and freshwater plankton. 

Some of the Myxophyce^ have become adapted to a life in hot 
water, and they constitute the principal vegetation of hot-springs. 
The part played by certain of these AlgBc in the formation of rock- 

> Tliere was little asaeitsitj for the re-namitie of this cUss hy either BabeDborst 
(who termed it the Phycoahromophyctrre) or SachB(Hho termed it the Gyanophycett), 
The class already posBeBsed much the beet name that haa yet been given it (the 
Myiopliycea). and the eiactitude of itB Umitations could not be improved upoa 
by either of those authon. 

' The Pedrai mgrai at Angola are due to tlie prolific growth ui Scylooftna 
MyochTOiunT. chorojp-aphieum ; PideV/etlA G. S. Westin Joum. Bot. 189?; p. 303. 
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by the extraction of carbonate of lime or silica from the 
water of hot-springe is considerable. The deposits formed around 
the hot-springs in many parts of the world consist of brightly- 
coloured basins or terraces of trazsrtine and sifter. The colours 
are very varied, being all shades of yellow, orange-red, pink, blue, 
and blue-green, and are due to the presence of brilliantly-coloured 
A]g» within the deposit. In the case of the travertine deposits 
the depoeition of the carbonate of lime is due veiy largely to the 
extraction by the Algie of the carbon dioxide dissolved in the 
water. 

That Algffi do actually cause the elimination of carbonate of 
lime from the water was first shown by Cohn', and Weed^ has 
given a very able account of the assistance of the UyxophyceEe in 
the formation of the travertine and sinter deposits of the Yellow- 
stone National Park, U.S.A. He states that from ^ to a ^ of an 
inch of travertine is formed in three days. He found that the 
character and colour of the deposit depended upon the temperature 
of the water and the situation of the spring or geyser. The highest 
temperature at which filamentous Myxophycese are known to exist 
is 85° C, but unicellular Algffi have been observed by Brewer in 
California in water at a temperature of 945° C* 

The cell-wall, which is never absent, is composed partly of 
celhjjose, partly of pef^J^ae compounds, and very largely of c hitin . 
It presents a similarity to the cuticle of higher plants^, oflFering 
considerable resistance to chemical reagents, and it sometimes 
contains sjjjia'. 

Many of the colonial forms are embedded in a somewhat 
extensive mass of mucilage, the external sur&ce of which is 
covered with a thin cuticle, and in most of the filamentous forms 
there is secreted either a thin mucous sheath or a tough chitinized 
sheath, often lamellose in character. This sheath is undoubtedly 
secreted by the enclosed cells, and in some genera (e.g. Lyngbya) 
all stages are met with between a thin hyaline investment and a 
hard, lamellose, sheathing tube. 

■ Cohn in Abbuidl. der Sohles. aemllBch. Nat. IseS. p. 3S. 

) Weed, 'FomutJOD ot Travertiue »nd Siliceoua Sinter by the Vegetation of 
Hot SptingB.' Bep. U.8, Geo). Survey, 1887-8. 

■ O. S. West, ■ Some AI(;n from Hot SpringK,' Jonro. Bot. Jul; 1902, p. 941. 
< W. E. Brewer in Amer. JoQrn. Science, ser. 2, ili. 

» K. H^lBT in Pringali. Jahrh. fur wiasenaeh. Bot. 1901, ixivi. 

* H}«aiB & BicbardB in Technol. Quarterly, Boston, 1903, it, pp. 308— 31S. 
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The pigment of the cells is principally ji h/it^ynnin. which 
partially hides the chlorophyll and gives many of these plants 
their characteristic blue-green colour. In some species, however, 
pigments of other colours are present, such as carotin, myxophycin' 
and polycystin'^. In the great majority of the blue-green Algie the 
pigment ia lodged in the cyt^inJasm in the form of small granules, 
each of which usually contains a mixture of chlorophyll and 
phycocyanin. These granules may occupy a somewhat indefinite 
extent of the cytoplasm or they may be restricted to certain 
regions, and it is a vexed question whether or not this pigmented 
part of the cytoplasm should be regarded as a true chromatophore. 

Stockmeyer' and Zacharias* have each stated that the 
pigmented protoplasm cannot be considered as a true chromato- 
phore. Massart' also considers that although the coloured layer 
functions as a plastid, it cannot be regarded as a true chromato- 
phore on account of its indefinite limits towards the interior of the 
cell, and the fact that it may contain both gas and liquid vacuoles. 
On the other hand, Deiniga* finds in certain blue-green Algie 
(such as Aphanizomenon and Nostoc) structures which he regards 
as true chromatophores, having the form of a more or less 
reticulated or perforated plate in contact with the cell-wall. 
Zukal' also considers that Tolypothrix possesses a true chromato- 
phore, and Fischer' and Hegler* each regard the pigmented 
peripheral layer of protoplasm as a parietal chromatophore. The 
latter carefully described the granular disposition of the pigment 
and termed the pigmented layer a cyanoplast. Hieronymua" 
concludes that the pigmented peripheral layer is of the same 
nature as the chromatophore of higher plants, but not identical 
with it; and Wager" also states that its structure recalls the 
chromatophore of other organisms. In the family Glaucocystacese 
there is a true chromatophore. 

' Chodat in Joum. Bot. de Morot, 18%, i. ilyxophycin is identical vith Sorbj'i 
"pint pkycocvania." 

^ Zopf in Betichte DeatBcli. Bot. Oee. 1901, xviii. 

' Stockmejer iu Berichle Deutsch. Bot. Gen. 1894, lii, 

' Zacharias in Bot. Zeitung, IBUl. ilix ; in Abhnndl. a.d. Oeb. Naturw. Tei. 
HambocK, 1900, xvi. 

» Ma8»art in Recueil de rinsl, Bot. Univ. de BruielleB, 1902, v. 

' Deiniga in Bull. Soc. Imp, Nat. Moecou, 1891, no. 2. 

' Zukal in Bericfate Deutech. Bot. Gen. 1892, x. 

* Fischer, Untera. liber d. Bau d. Cyanopbjceen a. Bakterien, Jena, 1897. 

■ He|,'1er in Pringetieim's Jahrb. fiir wissensch. Bot. 1901, iiivi. 
'"> HieroDjmus in Beitra^ie znr Biol. d. Pflanzen (Coho), 1892, v. 
" Wager, Beporl Brit.' Amoc. 1001 (190-2|, p. S80. 
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The pigment in the cells of the Myxophycese ia unquestionably 
variable in its disposition, and although in certain of these plants it 
occupies a somewhat indefinite extent of the cytoplasm, in others 
it is undoubtedly collected into definite areas. It must be re- 
membered, however, that indefiniteness of the pigmented areas is 
not confined to the blue-green Algte alone, but is often observed 
in some of the lowly Protocoocoidese, and even in such a highly 
specialized group as the Desmidiacese. 

Kohl has regarded each of these minute granules of pigment 
as a chromatophore, but I prefer to adopt Hegler's idea of a 
cyanoplast for that part of the protoplasm in which the granules 
of pigment are collected. This cyanoplast, which can be regarded 
as an archaic type of chromatophore, exhibits much variation in 
the degree of its differentiation, and attains in one family — the 
Qlaucocystaceee — the highly differentiated condition met with in 
the higher groups of Algie. This ia one of the reasons which 
has induced me to primarily subdivide the Myxophycese into the 
Qlaucocystidese and the Archiplastideffi. 

The pigment is generally confined, as mentioned above, to the 
more peripheral areas of the protoplasm, the clear central portion 
of which often stands out prominently as a rounded mass. This 
has received the name of the 'central body' and of late much 
attention has been given it, mor^ particularly with the view of 
determining whether it should be regarded as a nucleus or not. 
Most of the recent investigations show that the ' central body ' 
differs considerably in its structure from the cell-nucleus of higher 
plants. 

Stocknleyer and Zukal have eich denied that the 'central body' 
haa any relation to the nucleus of higher plants, and Marx^ atated 
that he had obtained negative results in his search for a nucleus. 
Zachariaa* states that the term ' nucleus ' should not be used for 
the ' central body ' as nothing is known of the part it plays in the 
economy of the cell, and Maasart affirmed that there was no reason 
to consider it as a nucleus ;is it was sometimes vacuolated and had 
no definite outline. Fischer, and also Palla*, found no chromatin 
in the 'central body ' of the blue-green Alga; they examined, but 
other obaervera have described the presence of both granules and 

> Man ■ Unteraunb. uber d. ZelleQ d. Osciliarien.' GrltDgen, 1892 [vide Bot. 
CeDtnlbl. UU, 1S9S). 

■ Zoehariaa ia Bot. ZeitiitiR. 18^2, 1. 

■ PftUa in PringBheim'i Jahrb. farwiBHenaab. Bot. 1893, iiv. 
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filaments of chromatin. The investigations of Wille', Zacharias*, 
and Scott' clearly show that the cells of the blue-green Algte contain 
a body of a nuclear character. Hegler has shown that at least in 
some cases, the ' central body' consists of a faintly stainable ground 
substance in which is embedded a small quantity of chromatin, but 
that it differs from a nncleue in the absence of a nuclear membrane 
and nucleolus ; and the still more recent investigations of Wager* 
and Kohl' have amply confirmed these observations. Dangeard' 
describes a nucleus in Merismopedia, but states there is no trace of 
a nucleolus. 

Kohl states that the nucleus of the blue-green Algse not only 
differs from that of higher plants in the absence of a nuclear 
membrane and nucleolus, but also in its remarkable form. It 
possesses numerous radiating outgrowths of a pseudopodium-like 
character, which sometimes extend as far as the cell-wall. It may 
be that these nuclear outgrowths are in some instances partly 
responsible for the indefinite nature of the chromatophore. In 
addition to a certain amount of chromatic substance the nncleus 
contains a number of granules of albuminous material, which have 
been termed 'central granules.' These have not been observed 
-outside the nucleus. 

It would appear &om these and other observations, that the 
' central body ' of the Mysophyceie differs from a true nucleus in 
certain essential points, such as the absence of the nuclear 
membrane and nucleolus, and in its extraordinary form ; hut at 
the same time chromatin is undoubtedly present, and Hegler and 
Kohl have each observed a polar separation of the chromatic 
substance during division, accompanied by the formation of a 
chromatic figure. From a consideration of these &cts the term 
' open nucleus ' suggested by Hieronymus in contradistinction to 
the ' closed nucleus ' of higher plants, appears to be a very suitable 
one. Hieronymus was the first to point out the presence of 
chromatin and the absence of a nuclear membrane in the so-called 
' central body,' but he was of the opinion that cell-division was very 
largely, if not quite, independent of this structure. 

1 WiLIe in BerichCe Deutsch. Botan. Oea. 1883, p. 248. 

* Zachaiiu. torn. cit. 1B8S. 

■ Scott in Jonrn. Lian. Soc. Bot. ixiT, 1887, pp. 188—193. 

* Wager in Beport Brit. Aasoo. 1901 (1903). p. B30. 

* Kohl, ' Uebei die OrK&niBatioii und Phyaiologie dec Cfanoph;. uDd die mitot. 
Teilung ihres Kernes,' Jbdb (1903). 

* Dkngeard in Le Botaniste, 1S93, iii. 
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The observations of both Hegler and Kohl seem to show that 
glycogen (or a substance much resembling it) is the first product 
of carbon-assimilation. Chodat has pointed out that mucil^e, 
soluble starches and cyanophycin may make their appearance in 
all parte of the cytoplasm. Cyanopkydn is a reserve albuminous 
substance containing both nitrogen and phosphorus, and it occurs 
in small granules which swell up rapidly on the addition of hydro- 
chloric acid. These granules occur abundantly in the spores of the 
Mysophyceffi and are used up during their germination. 

Minute oil-drops may also occur in the cytoplasm. 

Etard and Bouilhac' state that Nostoc pumAiforme can maintain 
itself by a saprophytic existence in absolute darkness, as it has the 
power of assimilating organic substances such as glucose. 

Certain of the free-floating Myxophyceie of the genera 
GUBotrvAia, Anabcerta, CuelospJwenum, etc., which sometimes occur 
abundantly in the plankton, contain dark red granules scattered 
through the cytoplasm. Klebahn* and others have asserted that 
these red granules are gas vacuoles directly concerned with the 
floating capacity of the Algse which possess them. This assertion, 
however, is by no means proven, Brandt' having found them in 
species which do not float ; and there is evidence to show that in" 
some cases they are most probably of an oily nature. Should they 
ultimately prove to be gas vacuoles, then the cytoplasm of certain 
of the blue-green Algje contains both gas and liquid (cell-sap) 
vacuoles. 

In some of the Myxophycete, and possibly in many others, there 
is a protoplasmic continuity between the cells of the filaments, 
Wille* was the first to point this out in Stigonema compactum var, 
hrasiliense. Borzi* described these protoplasmic connections in 
species of Nostoc and Anabcena, and Nadson has figured them in 
Aphanizomenon and Tolypothrix. It is in certain species of 
Stiffonema that these protoplasmic connections are most con- 
spicuous, these plants presenting a condition precisely analogous 
to the protoplasmic continuity of the cells of the Rhodophycea*. 
In all cases the continuity appears to be effected by a median pore 

1 £tard ift BoQilbac Id Comptea Rendos, cxivii. IB9B, p. 119. 
' Elet«hD in Flora, 1895, liii ; in Bot. Zeitong, 1897, It. 

* Bnadt ia Beiicbte Deutach. Bot. Qeg. 1901, lii. 

* WiUs, 'Bidrae til STdamenk. Algfi.,' Bib. UU E. Sf. VeL-Akad. Handl. 1864. 
no. 18. p. ft, t. 1, f. 20. 

* Boni, ' Le oonitin. iDttoeell. della Noatoob.,' Halpigbia, i, 1887. 
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through the polar extremities of the ceil or through the transverse 
cell-walls. This pore is best seen in the young branches of 
Stigonema ocellatutn, and I have previously pointed out' that it is 
particularly conspicuous if the plants have fiist been dried and 
subsequently soaked in water. Fntsch^ has also described this 
protoplasmic continuity between the cells of Anahcena. 

In the families Kostocaceie, Scytonemacese, Stigonemacese and 
Rivulariaceie certain special cells, known as heterocysts, occur at 
intervals along the filaments. They are sparsely scattered between 
the ordinary vegetative cells, and owing to the absence of pig- 
mented material they present a veiy pellucid appoamnce. Their 
walls, which are composed of cellulose, are generally thickened and 
of a pale yellow-brown or yellow-green colour. The heterocysta are 
frequently larger than the vegetative cells and their walls 
commonly possess slight polar thickenings. Each polar thickening 
surrounds the apical pore through the cell-wall, this pore being 
closed by a minute plate in old heterocysts. 

Heterocysta are developed from ordinary vegetative cells, 
generally singly from any cell of the filament, or they may be 
formed from the two celb contiguous to an existing intercalary 
heterocyst. Under natural conditions heterocysta are almost 
invariably solitary in all genera except Tolypotkrix and Calothrix, 
but under unfavourable conditions and in cultures they may 
become seriate. Both Brandt and Fritsch have described the 
occurrence of an intercellular substance excreted during the 
formation of heterocysts. This substance, however, can be 
frequently observed remote from the heterocysts in Scytonema, 
and it is also excreted by the cells of certain species of the Oscilla- 
toriaceee, a family of blue-green Algse in which heterocysts do not 
exist. 

The function of heterocysta is not thoroughly understood. They 
have been thought to serve as limitations to the length of the 
filaments, and they are at times undoubtedly connected with the 
breaking of the filaments. In normal plants of the genus Anahtena 
the filaments break readily at all points, and this fracture cannot 
therefore be controlled by the heterocysts. Neither does the 
structure of a filament of Stigottema support this view, although 
in this genus heterocysts limit the hormogones. Hieronymus, 
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Hegler, and later, Fritsch, regard the heterocysts as storehouses 
for reserve substances, the latter passing into the heterocyst along 
the protoplasmic threads which communicate with the adjoining 
cells. It must be remarked, however, that only under very un- 
&vourable conditions would this function be taken up by the 
heterocysts, as under normal circumstances the cetl-contente of a 
heterocyst are absolutely homogeneous. 

Brandt* has observed (in Nostoc commune and N.microacopicum) 
the contents of heterocysts set free as gonidia, which have sub- 
sequently developed into new filaments. This germination of the 
contents of a heterocyst must have taken place under veiy excep- 
tional and abnormal conditions, and it has not been confirmed. It 
suggests the possibility that heterocysts are the lingering and 
abortive relics of a type of spore once possessed by certain of the 
Myxophyceee, but which long ago ceased to be functional. 

The multiplication of the unicellular and colonial blue-green 
Algse is brought about principally by simple cell-fission, division 
occurring in eveiy direction of space or in certain directions only. 
Definite or indefinite colonies may thus be produced, which dis- 
sociate into smaller groups on attaining their maximum size. 

Ajsexual reproduction takes place in a variety of ways. In some 
families, such as the Nostocacese, Stigonemacete and RivulariaceEe, 
sphericnl or cylindrical spores are formed by the rejuvenescence and 
growth in size of certain of the vegetative cells. In the Chamesi- 
phoniaccEe the elongated unicell divides into a number of small 
spores which are then liberated from the free apex of the cell. 
Among the plants of the entire order Hormogoniefe reproduction 
occurs by the formation of kormogonea. These are short filaments 
of cells which are set fi'ee from the extremities of the vegetative 
filaments, and they ultimately develop into new plants. They can 
be considered &s a primitive type of multicellular gemmte. Repro- 
duction may occur in certain species of Nostoc by means of cocci, 
which are small cells about the same size as the vegetative cells'. 
They form a scum on the siir&ce of the water, and each one is 
capable of producing a colony by simple cell-division. Reproduction 
by zoogonidia does not take place in the Myxophycea;, although a 
few motile, blue-green nnicells are known to exist. 

Sexual reproduction is unknown amongst the blue-green Algse, 
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but Borzi' has observed the formation of some rather remarkable 
spores iQ the genus Anahcma. A single vegetative cell divides 
into two distinct portions which subsequently coalesce, the product 
having the characters of a nascent spore. 

Many of the Myxophycete exhibit considerable polymorphism, 
passing through a number of diverse states at different periods of 
their life-history. Much contusion has arisen with regard to this 
polymorphism and many extraordinary statements have in conse- 
quence been made concerning the unicellular forms of the btue- 
green Algse, Itzigsohn, Hansgirg and Wolle have all regarded the 
plants of the Chroococcacese as stages in the development of the 
more highly organised blue-green Algte, and the last-mentioned 
author has gone so &t as to state that " it is now clearly evident 
that all these so-called unicellulai- plants constitute nothing more 
or less than conditions in the plant-life of higher forms*." I have 
previously pointed out the absurdity of this statement', which is 
erroneously based upon one of the best known foots concerning the 
Myxophyceffi, namely, the ability of many of the lower forms of 
blue-green Algse to live only under the same conditions of environ- 
ment as the higher forms with which they are so frequently 
intermingled. There is no direct evidence in proof of the generic 
or specific identity of many of these forms which live intermingled 
in a common gelatinous matrix, and there is rarely much difSculty 
in discriminating between the more or less unicellular stages of 
the higher types and the unicellular or colonial plants of a lower 
type. 

Some of the Myxophycete, principally of the genera Scytonema, 
SHgonema and Nostoc, are regularly found in symbiotic relation- 
ship with Fungi to form the dual organisms known as Lichens. 
The Algffi which have thus lost their individuality become con- 
siderably modified and generally lose almost all traces of their 
original specific characters. 

A few blue-green Algos belonging to the Oscillatoriaceee exhibit 
spontaneous movements, generally of a slow, oscillating, gliding, or 
rotatoiy character, and concerning which no convincing explana- 
tion has yet been offered. It is in the genus OsciUatoria that 

I Borzi in Boll. Soc. Bot. Ital. 1895. p. 208. 

' WoUe, Freahw. Alg. U.S. p. 980. Plmtes oliiliv uid oxci in Wolle's text- 
book are typical eiamplea ol the crade drawings of the Hyio^eem given by that 

■ G, S. West in Jonm. Bot. Febr. 1899, pp. 62, 63. 
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these movements are most conspicuous, and they become more 
active under those conditions which cause an increase in the 
activity of protoplasm, such as an augmentation of the temperature 
or of the intensity of the light. It has been stated by Cohn' and 
by Correns' that the movements only take place when the filaments 
are in contact with a solid body, and it seems probable that, at all 
events in certain species, contact with a solid body or with the 
sur&ce film of water is actually necessary for the performance of 
these movements. The motion consists of a slow creeping or 
gliding of the entire filament which at the same time slowly 
rotates around its axis, and this is often accompanied by a slow 
oscillation of the extremity of the filament. It must be distinctly 
understood, however, that the movements are not of precisely the 
same character in all the species of the genus. The filaments of 
some species secrete a small quantity of a colourless Jelly, and 
it was to this secretion of mucilaginous matter that Siebold, 
Engelmann, and othere attributed the movements. There is, 
however, quite as much probability in the explanation put forward 
by Hansgiig that the movements are due to osmotic changes. 

In Artkrospira the movements consist of a general bending 
of the spiral filaments or a slow oscillation of their extremities. 
These movements are more vigorous than those of Osdllatoria, 
spasmodic and jerky, and I have not observed any rotation of the 
spiral filaments. 

In the genus Spirulina, in which the filament is also twisted 
into a close spiral, the movement consists of a rotation around the 
axis of the spiral, with a slight propulsion through the water. 
In Sp. tur/oea Buln., this rotatory motion is relatively rapid. 

Many of the Oscillatoriacese emit a very disagreeable odour, 
and ponds and ditches which contain quantities of Osdllatoria ■ 
often give off bad smells. This is attributed by Jackson and \ 
EUms* to the decay of highly nitrogenous organic matter, in which 
partially decomposed sulphur and phosphorus compounds play a 
laige part. 

The phenomena of ' water-bloom ' and the ' breaking of the 
meres ' are due to the sudden and often periodical appearance of 
large quantities of a few species of the Myxophycese, and the 

> Cohn in Arohlv fSr mikr. Aa«t. 1167, p. 48. 

* Coma* ID Beriohte Deutsch. Bot. Ges. 1896, liv. 

■ JacksoD & Bllmi in Tecbnul. Qiurterlj, 1897, i. 
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Algse concerned in these phenomena are generally species which 
normally occur in the plankton of lakes and rivers. The extra- 
ordinary rapidity of their increase and the consequent discolour- 
ation of the water, together with their equally rapid disappearance, 
constitute one of the most remarkable tacts in the whole domain 
of algological inquiry. Nelson' finds that the presence of this 
' water-bloom ' often has a fatal effect on cattle which have been 
drinking the water'. 

The Myxophycete, regarded as a whole, are unquestionably of 
a lower type of organisation than any other claas of Algse, and 
they must be looked upon as an archaic group which is very little 
in advance of the Schizomycetes (or Bacteria). 

The group of the Qlaucocystidefe is much in advance of the rest 
of the blue-green Algee, the cells possessing a highly specialised 
chromatophore and a more highly organised nucleus. This necessi- 
tates a primary subdivision of the class into two sub-classes, the 
GlaucocystidecB and the Archiplastidese. 

Sub-class 1. GlaxtcocystidecB. Cells with a distinct and highly 
differentiated chromatophore, and with a true 
cell-nucleus. 

Sub-class 2. Arckiplastidew. Cells with a lower type of 
chromatophore, often scarcely differentiated, and 
with a primitive type of nucleus. 



Sub-class 1. GLAUCOCYSTIDE^. 

This sub-class has been instituted in order to include a few 
blue-green Aigse which are sharply demarcated from the rest of 
the Myxophycese by their cytological structure. There is a true 
cell-nucleus and also a highly differentiated chromatophore, 
both of these characters being a distinct advance on all other 
Myxophyceffi. 

' N. P. B. Nelson in Minnesota Bot. Stadies, 1903, iii, pp. 47—60. 

* Other blua-green Alg» also kppe&r to be poiaonous. Mr Herl>ert Wright has 
forwarded me apecimens of Lyngbya majxaculi, Harve; from coral beaches in the 
Oalf of MaDDBT, where it occurs in abundanoej and he states that numben of 
horses haTe frequently been killed b; feediiu on it. 
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Family 1. aLAUCOCYSTACEJB. 

This family includes four genera, only two of which are kuown 
from the British Islands. The plants are unicellular or colonial, 
and propagation takes place by the division of the cells in one 
direction only, or by division into two, four, or eight cells after a 
corresponding division of the nucleus. 

Genus Glaaoooyetie Itzigsohn, 1854. The cells are ellipsoidal, 
rarely solitaty, but more often occurring in twos, fours, or eights 
within the enlarged wall of the mother-cell. In external features 
the plants greatly resemble those of the genus Oocyatis, but the 
chromatophores are central (or axile), and of a bright blue-green 
colour. Each chromatophore consists of a centml mass with from 
10 — 20 prolongations, which are more or less radiating and con- 
siderably curved. 

O. NoUoehineartim Itxigsh. i» widely diatributed throughout the Britiah 
Islaoda, but it is somewhat Bcarce. It is found chieflj among sabmerged 
Sphagnum. Length of cells 15— 19/t. 

Gienus Chroothece Hansgirg, 1884. The cells are ellipsoidal 
with a stout enveloping wall, which increases greatly in thickness 
at one pole, and is conspicuously lamellose. The chromatophore is 
central with radial outgrowths. 

Ch. Rickterianum Hansg. ia known from salt marshes io Bohemia, and a 
unall form of it (possibly another specif) has been observed on wet limestonA 
rocks in W. Yorkshire. Length of cells (of British form) 20—84 /t 

Sub-class 2. ARCHIPLASTIDEiE. 

The great majority of the blue-green Algte are included in this 
Bub-class. The plants are unicellular, colonial, or filamentous, and 
in some of the latter (e.g. Stigonema, Anabcena, etc.), there is a 
direct protoplasmic continuity between the cells. The protoplasmic 
unit in each cell is of a. lower type than in any other of the Algse, 
and has been termed by Nadson' an ' archiplast.' The nucluus is 
of a primitive type, of peculiar form, and without nucleolus or 
nuclear membrane; in consequence of the latter character it has 
been termed by Hieronymus an 'open nucleus.' The chroma- 
tophores are likewise of an archaic type, the pigmented protoplasm 
being scarcely differentiated and never of any characteristic form. 

> NadwD in Scripts Botanies Horti Univere. Imp. PelropoHt. 189S, iv, faao. 9. 
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There are two orders of this sub-class, both of which are 
abuodantly represented in every part of the world. 

Order I. HormogonecB. Plants filamentous ;61atDeDta simple 
or branched, generally consisting of one or more 
rows of cells within a sheath, attached to a sub- 
stratum or free-floating. 

Order II. Coccogone<B. Plants unicellular or colonial, com- 
monly embedded in a gelatinous matrix, more rarely 
free-floating. 

Order I. HORMOGONEiE. 

This order includes all the filamentous Myzophycete. As a 
rule the filaments consist of a simple row of cells, naked or enclosed 
within a sheath of varied character. In some of the Oscillatoriaceffi 
and Stigonemacete there are two or more rows of cells contained 
within the same sheath. A simple row of cells is known as a 
trickome, and the trichome with its enveloping sheath is termed a 
filament. In the ScytonemaceBH, Stigonemaceffi, Nostocacese, and 
Rivulariaceee heterocyats are more or less abundantly scattered at 
intervals among the vegetative cells, and in some genera one 
extremity of the filament is always terminated by a heterocyat. 
The heterocysts are commonly solitary, but they may occur in 
groups, as in some species of Tolypothrix. The filaments are 
frequently branched, and there is often a false branch-system due 
to the close apposition of the basal extremities of a number of 
filaments. New filaments often arise as lateral outgrowths from 
the vegetative cells of an older filament. The trichomes of the 
newer filaments separate fi\>m that of the old filament, but their 
sheaths still remain partially fused, and thus a &lse branch-system 
is produced. 

Most of the AlgEB of this order occur attached to a substratum, 
and they frequently fonn dense, felt- like patches or tough gelatinous 
masses of various colours. Some of them form more fragile gela- 
tinous masses of varied form, either aquatic or on damp earth, and 
others are free-fioating. 

Asexual reproduction takes place by means of hormogones, 
and more rarely by spores. 

As a rule the trichomes are cylindrical with obtuse or narrowed 
extremities, but in some of these Algae there is a gradual and 
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conspicuous attenuatioo of the Irichome, either from base to apex 
or from the central part towards each extremity. This character 
is utilized to subdivide the order. 



Sub-order 2. Trichophorete. Trichomes coospicuoualj att«Duat«d 
towards one or botli eitremitiea, which are generally pUiferous. 

Sub-order 1. PSILONEMATE^. 
The majority of the filamentous blue-green Algte belong to 
this sub-order. The trichomes are cylindrical or torulose in 
character, of a uniform thickness, and with or without a sheath. 
The sheath may be hyaline and gelatinous, very thin, or of con- 
siderable diameter; in many it is tough and lamellose. In some 
the sheaths contain no small proportion of cellulose, colouring blue 
with chlor-zinc-iodine, but in others they consist entirely of mucus. 
The apical cell of the trichome may be obtuse or more or less 
conical and attenuated, and occasionally the apical and sub-apical 
cells are suddenly attenuated. 

The sub-order includes the four following families : — 

Fomilj 1. Stigonemiuxa. Fitamenta usually stout and branched ; 
Bheatha thick, firm, and often irregular; trichomee with het«roc;sts, 
and frequently consisting of more than one row of cells. 

Family 2. ScyttmemaceiE. Filaments with a false branch -eyfltem ; 
eheaths firm and tubular, of more or less equal thicknesa ; trichomes 
consisting of a single row of cells, with heterocysts, but not of uniform 
thickneas. 

Family 3. NottocaceiB. Trichomes commonly tortuose and intricate, 
enveloped within a large gelatinous mass, consisting of a single row of 
uniform cella (generallj torulose), with heterocysts ; sheatbs very deli- 
' cate, mostly confluent 

Family 4. Oiaillatoriaceee. Trichomes consisting of a simple row 

t of cells, uniform along their entire length except for the apical cells, 

which are sometimes attenuated ; heterocysta absent ; sheaths variable, 

more or less gelatinous, and sometimes enclosing more than one 

trichoma. 

Family 1. STIOONEMACEiS. 

In this iamtly the cells are arranged either in a single series 
or in several more or less irregular series within a strong sheath. 
This sheath is rarely thin and regular, being more often thick. 
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dark brown in colour, of considerable toughness, and with a veiy 
uneven exterior. The filaments are branched, and the branches 
arise by a growth from one of the cells of the main filament. The 
filaments increase in length by the division of the cells towards 
the apices. The heterocysta are intercalary, being scattered at 
intervals between the vegetative cells. When more than one row 
of cells exists in a filament the heterocysta are situated in a lateral 
position. 

The robust filaments of most of the members of this family, with 
their true branches and somewhat irregular outlines, are easily 
distinguished from the more uniform and thinner filaments of the 
Scytonemacefe. The presence of more than one row of cells within 
the sheath, and the frequent irregular disposition of these cells, 
are also distinctive features. 

There are only two British genera, Stigonema and Hapalosiphon. 
In the former the reproduction normally takes place by the 
development of hormogones fi«m the extremities of the branches, 
whereas in the latter the normal method of reproduction is by spores. 

Genus Stigonema Ag., 1824. [Sirosiphon Katz., 1843.] The 
filaments are free-floating or aggregated to form soft, felt-like 




Fig. 146. A iDd B, Stigontma mtMutuin Hub., [rom Slieve DoDard, Down, Inland; 
A, xlOO; B, xUO. G— E, St. oetUatum (Dillw.) Thur., iTom Llyo Tejni, 
SnowdoD, N. Wales; C, xlOOi D and B, xUSi. b, lietero«yEt 

masses. The cells are always rounded, and are disposed either in 
two or more rows, or more rarely in a single row. The heterocysta 
are commonly lateral, or less frequently intercalary. The sheaths 
are thick, lamellose, with an uneven exterior, and they are usually 



n,s,t,..dDi. Google 



321 

of a golden-yellow or brown colour. The branches are generally 
short, thick, and irregularly disposed. 

Species of this genua occur priucipally on damp or wet rocks, but are 
sometimes observed free-fioaticg in ponds and lakes. The largest British 
species are St. informe KUtz. and St. Tfi/xfomiUoram Ag., the filaments of which 
reach a thicknesa of 90fi. iS^^ hormoidet (Kutz.)Bom. & Flab, is the smallest 
known species ; thickness of filaments T — 15 fi. 

Genus Hapalosipbon Nag., 1849. [1 Fischerella (Bom. & 
Flah.) Gomont, 1895.] The filaments are free-floating amongst 
other Algse, or they are rarely 
subaerial in moist situations. 
The primary filaments are never 
very thick, and consistof a single 
row (rarely of two rows) of cells 
enclosed within a strong shbath 
of uniform thickness. The 
branches are sometimes of the 
same thickness as the primary 
filaments, but raoreoften slight- 
ly narrower, and they are com- 
monly unilateral. They are 
mostly long and flexuose, and 
are very slightly attenuated. 
As a rule they are few and 
distant, but occasionally they 
arise in unilateral clusters. 
The sheaths of the branches 
are always thinner than those 
of the primary filaments, and 
generally quite colourless. The 
cell of the primary filament 
opposite the ba.se of a branch usually projects into it, and the 
cells of the branches are proportionately much longer than those 
of the primary filament. The spores are formed from the ordinary 
vegetative cells, and possess thick yellowish -brown cell-walls. 
Oflen the majority (or even all) the cells of both primary filaments 
and branches of some portions of the plant become converted into 
spores '. 




Fig.' 147. Hapalaiiphon Hihtnicvt 

West A Q. S. West, from (Hen Caragh, 
Kerry, Ireland { x HO). E. portion of a 
TOW at spores within the sheath. 



1 WetttiH G. S. West in Joum. BoL June II 



r. p. 341. 
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The plaiite of this genus are most frequently ra^t with Id the British 
Islands amongst Utricalaria mitior and submerged Sphagnum. Tho two 
most widely distributed speciee are H. intneatut West (diam. of filamenta 
4— ?;•) and H. Uibemicv* West & G. S. West (diam. of filaments 6—10 p; 
fig. 147). 

Family 2. 8CYTONEMACE.S:. 

The plants of this femily are at once distinguished from all 
others of the HormogonetE by their type of branching. Elxcept 
in the three rare genera, Desmonema, Hydrocoryne and Diplocolon, 
the cells are always disposed in a single aeries within a strong 
tubular sheath of regular thickness. The trichomes of the 
primary filament perforate the sheath at intervals and issue as 
long flexuose branches, which develop a sheath of their own. 
These false branches arise either singly or in pairs. The trichomes 
are cylindrical, but towards the growing end of the filament they 
increase in diameter, the cells becoming much shorter and more 
rounded. The sheath may be homogeneous and colourless, or 
Icunellose and of a yellow or brown colour. 

The normal reproduction is by hormogonea, but in most of the 
genera ellipsoidal or globular spores are sometimes produced. 

The five British genera can be distinguished aa follows ; — 

A. With one trichome in each sheath. 

* Filamenta simple, unbranched JticrocAixU, 

* Filaments with false branches (" pseiido-rami "). 

i Branches geminate, arising between the 

heterocysta iScylonema./- 

+t Branchca arising singly in the region of 

the heterocyBts Tolypotfirir. 

B. With 2—6 trichomes within each sheath. 

* Filaments straight, with basal heterocysts ... Detmonema. 
** Filaments contorted within a common sheath Diplocolon. 

Genus Microchiete Thuret, 1875. [Coleospermum Kircbner, 
1878.] The filaments are fixed at the base, erect, or tortuose- 
flexuose, and without branches. The plants greatly resemble 
unbranchcd species of Seytonema, and they occur in radiating 
tufts or soft felt-like masses. Kirchner' has placed this genus 
in the NostocaceiK, but the presence of a prominent tough sheath 
round each individual trichome, and the thick growing apices with 

' Kircbner in Engler and Praotl's NatOrl. Pflanzenfam. i, 1 a, p. 76. 
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shorber cells, are characters which indicate a clear affinity with 
the Scytonemacese. 

M. diplotiphoa Oom. var. Cum&nca West m known from the English Lake 
District; thickness of internal sheath 6'5 — 9^ Species of this genus ore 
Tery rarely met with. 

Genus Soytonema Ag., 1824, [Petalonema Berkeley, 1833; 
Schizosiphon EUtz., 1843 (in part) ; Symphyosiphon Kiitz., 1843 (in 
part) ; Artkrosiphon Kiitz,, 1845.] The filaments generally occur in 
a dense intricate mass, and are at once characterized by their fiilse 
branches. These pseudo-branches arise in pairs between the 
heterocysts, each pseudo-branch being a continuation of the 
original trichome which has perforated its old sheath. The sheath 
is tough, lamellose, and of a golden-yellow or brown colour ; it is 
generally of even thickness, but in a few species {e.g. 5. alatum) in 
which it is of great width, the margins are irregular. 




Fig, 148. A— D, Stylonema mirabilt (Dillw.) Thar., from Cronkle? Fall, N. Yorka. 
( X 440| ; C, apex oF a 'branch': D, organ of attachment at base of Slament. 
E, Tolypothrix laitata (Daav.) Wartm., from Bicoall Cominon, E, Yorks. 

S. Myochrou* k.%. and S. mirabiU (Dillw.) Thur. [ = S. figtiratum Ag.] are 
the two moat abundant British species, the former ofteo occurring on wet 
rocks in tai^ felt-like masses an inch in thickness ; thickDesa of fil. 18—36 n ; 
thickness of trichomas 6 — 12/i. S. alatum (Berk.) Borzi is frequent on wet 
rocks of carboniferous limestone, occurring aa a browniBh-green atratuni 
which ia thickly encniated with lime ; thickueas of fil. 24 — 66 fi ; thickness of 
trichomes &— 15 n- 

31— 3 
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Genus Tolypothrix KUtz., 1843. [Indus. Haasailia Berkeley, 
1845.] The filaments of this genus are very like those of Scyton^ma, 
and the plants are primarily distinguished by the single pseudo- 
branches. The latter are never geminate as in Scytotiema and 
they always issue in the region of the heterocysts. Both terrestrial 
and aquatic species occur, and the sheaths, which are usually 
thinner than those of Scytonema, may be either flexible or more or 
less fi-agile. Haasailia could only be separated from Tolypothria 
by the fragility of its sheaths, and that character is totally in- 
adequate as a generic distinction'. The heterocysts are sometimes 
3-, 4-, or 5-8eriate. ^-- 

T. lanata (Desv.) Wartm, (tbickoeaa of fil 9— 12-Sfi; thickness of 
trtchome»T-5— lO^j fig. 146 E) and T. (enitu KUta. (thickness of fiL 8— lOf.; 
thickness of tricbomes d — 8 fi) are the moat f^«quent British species, occurriug 
amoDget various aquatic phmta in poods and lakes. 

Genus DeBmonema Berkeley & Thwaites, 1849. The fila- 
ments of this genus exhibit a slight dichotomous branching, 
and two or more trichomes are included in one sheath. The 

heterocysts are only found at the base of the filaments. 

D- Wrangelii (Ag.) Bom. & Flah. is a very rare British Alga, occurring io 
penicillate tufts 5—6 mm. high j thickness of tricboroes 9 — 10 /t 

Genus Diplocolon Nag., 1857. The filaments possess single 
or geminate pseudo-branches of a similar nature to those of 
Scytonema but much shorter and greatly contorted. They consist 
of one trichome within a sheath, and a number of filaments and 
pseudo-branches are included within a larger common sheath. 

D. Heppii Nag. is known from Yorkshire. It forms a brownish-green 
gektinmia atratum on damp calcareous rocks; thickness of fil. 20 — Sttfi; 
thickness of trichomes 6^10 /». 



Family 3. NOSTOCACE.S. 

The plants of the. Nostocacese are of a simpler type than 
any others of the Psiloneinat&T, which possess heterocysts. The 
hlaments are never fixed by one extremity and they are never 
branched. The trichomes consist of a single series of cells of 
uniform character. The cells are frequently torulose and the 

' Wast * G. S. West in Joarn. Hot, July 1897, p. 266. 
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beterocyats may be terminal or intercalary. The sheaths are very 
delicate and invariably gelatinous in character. In some they are 
more or less distinct, of variable diameter and closely adhering to 
the trichomes; but in others they become confluent, forming a 
watery mass of jelly which enclosea a large number of trichomes. 
It is in the genus Noetoc that this gelatinous mass becomes most 
coUiSpicuous. Whenever there is a fracture of a filament the 
trichome and the sheath both break at the same point, and empty 
sheaths, such as are commonly found in the Stigonemaceie and 
Scytonemacete, are never met with. The trichomes are sometimes 
straight and rigid, but they may be contorted to form densely' 
interwoven masses. 

Reproduction occurs by the formation of hormogones and 
spores. The former are produced by the fragmentation of fully 
grown trichomes, and in some genera they are set free by the 
dissolution of the enveloping mucilage. Spores of a spherical, 
ellipsoidal, or cylindrical form are developed from the vegetative 
cells, and invariably arise in relation to the position of the hetero- 
cysts. They may be developed singly or in series, and by reason 
of their definite form and position they furnish a character of 
.ftrimary importance in the discrimination of genera and species. 

About half the species of Nostoc and Cylindrospermum are 
terrestrial in habit, but all the other members of the family are . 
aquatic. Some species of Nostoc, and also of Anahwna, are 
endophytic in various parts of such plants as Azolla, Cycas, Lemna, 
Sphagnum, Anlhoceroa, etc., and other species of Nostoc are con- 
stituents of the thallus of many Lichens, especially those of the 
Collemacese. Many species of Anabwna are a marked feature of 
the freshwater plankton, and ceriain species of Nostoc are used as 
food by the inhabitants of divers parts of the world. 

A. Trichomes flexuose and contorted within a defi- 

nite gelatinous investment !fo*too. 

B. Trichomes more or less straight, free, or forming 

& thin mucoiis atratum. 
* Heterocjrstfi and spores intercalory- 

f Trichomes nude, or with a thin mucous 
sheath, free, or aggr^at«d without 
order to form a flocculsnt moss ; cells 
equal or longer than their diameter; 
spores solitary, geminate, or in short 
neries Atiabixaa. 
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tt Trichomee short, aggregated in parallel 
bundles to form thin, feathery, pl&te- 

like masses Apkai 

t++ Trichomes free; apores seriate, remote 
from the het«rocj8t« ; cells shorter 

than their diameter Jfodulana. 

** Het«roojBt8 terminal and the spores always 

contigUDUB to them Cj/lind 

GeouB HOBtoc Vaucher, 1803. The plants of this geous are 
found as gelatinous masses of a rounded or expanded character, 

sometimes attached to a 

substratum, at other times 

f^ ^ J- ^ floating freely in the water. 

)■ i) ^'^M ^***^ When young the plants 

( fr ^Ji^'fc|n>Cr are almost always globose 

f\^ y„ \f &%?*v ^^ ellipsoid, but with ad- 

V.\ J tj I f%J vancing age many species 

t jVl^ q — 3 jfffi become exfoliated to form 

( ^^^ rfPfi --TK flattened expansions, often 

^ — ( cLjL \^§* '^^^ lacerated margins. 

ni/^/ jT^^iM ¥ '^^^ trichomes are much 

•4,\J • ^^ ^«s contorted, forming an in- , 

fs^ B ^^ ■ tricate mass within the 

fi? L /Tif " -^ c gelatinous envelope, and 

^^ 'URflMWik they are generally much 

c- .J.. 1 J T, ., , ,. , T, . denser towards the ex- 

Fig. 141t. A and B, Nottot Linckta Bomet, . 

Irom Ben Laven, PerthghiK; A, oat. size; tenor. The sheaths O'G 
B, amaU portion of thallns. x 340. C. X. " Jjatin^t and 

ciemleum Lyngbye, from B. Whatfe at Ilkley, '^^^^^ ^^'7 a^HaCI, ana 
w. Torlia., nat. size. more often they have 

become completely merged 
with the enveloping jelly. The cells may be spherical, barrel- 
shaped, or cylindrical, and the heterocyats are either intercalary, 
or in the young forms, terminal. The spores are spherical or 
oblong, and are developed centrifugally in series between the 
heterocysts". 

Young Nostocs of different species greatly resemble each other. 
They consist of a variously contorted trichome within a relatively 
small, elongated, mucous investment, terminated at each end by a 
heterocyst. 

' BoTzi in Qjomale Botan. Ital. 1876, i, p. 241. 
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There are about 15 British Bpecies of No»toc, Bome of which are much 
more abuudaat than others, N. pitcinaU Kiita., N. wura&um Lyngbye 
(fig. 149 C) and N. pruniforme Ag, are widely distributed in ponda and 
ditcbee, generally occurring as free-floating masses. N. commune Vauch. 
prefers damp ground which ia frequently inundated. N. muacoram Ag., 
.A^ Aumi/iwam Cartn. and N. macnaporum Menegh. are found principally 
among mosses on wet rocks. N. tphariaam Vauch. and Jf. mrmcotum "Vauch. 
commonly occur attached to the rocks and stones in the beds of rapid streams 
&nd rivers. The cells of Jf. Aitmifiuvm are only 2 — 2'5 /i in diameter, whereas 
those of Jf. maorotporum reach a diameter of 8 — 9 fj. 

Genus Anabffina Bory, 1822. [SphcRrozyga Ag., 1827 ; TH- 
chormus Allman, 1842; Dolichospermum Thwaites, 1850.] The 
tiicfaomea are atraight or circinate, often destitute of all traces of 
a sheath, and are either Iree-floating or aggregated to form a thin 
mucous stratum. The cells are generally of equal size, but some- 
tinaes there ia a slight attenuation of the trichome, and the apical 
cell may be conical. The cell-contents may be either homogeneous 
or granular. The heterocysts are numerous and intercalary. The 
spores are variously disposed ; in some they are solitary, in others 
there are two spores one on each side of a heterocyst, and rai^ly 
they are in short concatenate series. In most species they arise 
centrifiigally with regard to the heterocysts, but in some they are 
developed centripetally. The latter were formerly placed in another 
genus — Sphwrozyga. 

•^ As a rule, Anabwnaa cannot be kept alive very long after 
collection, unless placed in a large volume of water. One or two 
days in a small glass vessel is usually sufficient to cause a 
disarticulation of the filaments of most of the species, and under 
these conditions they often lose their specific characters, develop- 
ing forms which are quite unknown in their natural state. 

Hansgirg at one time suggested the union of this genus with 
the genus Nostoc, but there are many good reasons for keeping the 
genera separate. Species of Anabwna even when found in a 
mucous stratum, which is but rarely, never approach in consistency 
the tough thallus of a Nostoc ; with one or two exceptions the 
trichomes are rigid and fragile, and they are never at any time so 
contorted as those of a Nostoc; the spores are generally much more 
elongate than those produced in the latter genus, and the habits 
of the two genera are mostly quite different. I doubt if the merest 
novice at the study of fteshwater Algxe would confound an Anainena 
with a Nostoc. He certainly would not had he collected them 
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himself. Why, under these circumstances, should the genus Noatoc 
be made more confusing than it is already ? 

There are about 10 British apeciee of the genus, some of which are 
relatively abundant in the waters of ponds and lakea. A. Flot-ayiue Breb. 
and A. cirdaaiu Rabenb. are conatituenta of the freshwater plaolctou. A. 
oteillarioidei Bory and A. ineequalit (Kiitz.) Born. & Flnh. (fig. 150 A — D) are 
found among other Algie in still water. Several species occur among Sphag- 
num in bogB, but aporee seem to be rarely developed iu these situations. The 
I tricbomes vary iu thickness in the different Hpecies from 4 to 10 ^, and the 
cylindrical type of spore may reach a length of 60 n- 

Oenus Aphanizomenon Morren, 1838. The trichomes are 
straight and without a defi- 
nite sheath, being aggluti- 
nated to form spindle-shaped 
or small piate-like bundles, 
which float freely in the water. 
Each trichome is slightly at- 
tenuated towards the extremi- 
ties. The spores are solitary, 
cylindrical, much elongated, 
and only developed sparingly 
between the heterocysts. 

A. Floi-aqua (L.) Ralfs is 
found floating in the still waters 
of ponds and lakes, sometimoH in 
abundance. The tridiomes are 
rigid and 5—6 n in diameter. 
The cella are subquadrote and 
the heterocysts are cylindrical. 
The spores are 6Cl— 80 it in length 
and only 7— 8fi in breadth. 




Fig. 160. A— D, ATlabitna inaqualit 
(KUtz.) Boni. 3l Flab., from Epping Forest, 
" " — G, Ci/lmiirotpermum stagnalt 



A Flail., from n 



Genus Nodolaria Mer- 
tens, 1822. The filaments 
are free-floating and are 
generally furnished with a 
distinct sheath. The latter is hyaline and mucous, closely en- 
veloping the trichome, and sometimes becomes diflluent. The 
trichomes are more or less straight, with short, depressed, often 
discoidal cells. The heterocysts are also depressed. The spores 
are spherical or discoidal, and are developed in series between the 
heterocysts. 



n,s,t,..dDi. Google 



OscUlatoriacece 329 

There are three British species of the geuus occurring in freah water (or 
sometimes io slightly bnickish water). None of them are abundtuit, although 
N. tpumigena Mertens Is not uncommoD (diameter of tnchomeH 10 — 15 fi). 
Jf. spAiKTocarpa Bom. & Flab, is known from Cambridgeshire (diameter of 
trichomes 6—7 /i ; fig. 150 H). 

Qenus Cyllndrospennnia Kiitz., 1843. The trichomea in this 
geaus are relatively short, destitute of a sheath, and are mostly 
aggregated to form an expanded mucous stratum. The cells are 
cylindrical, longer than their diameter, and one end of the trichome 
is terminated by a solitary heterocyst. The spores are always 
developed from the cell (or cells) next the heterocyst; they are 
generally solitary, but in one species they are seriate. The terminal 
position of the heterocysts and spores at once distinguishes this 
genus from all the others of the Nostocacese. 

There are three British species. C. majut Kiitz. (=(7. tiiacrotperm'iim 
Rabenb.) is commoi) on damp stonee and earth, often forming a thin stratum 
on garden paths or at the edge of a pond ; thickness of trichomes G — 6 ^ 
C. ttagnale (Kiitz.) Bom. k Flab, is not uncommon in bo^y ditches, particu- 
larly in peaty ditcbes; thickness of trichomes 3'8 — 4S/i; fig. 150 E — O. 
C. catencUum Ralfs is a much rarer species occurring on the damp mud of 
st^nant rivers and ditches. 



Family 4. OSCZLLATORIACEJG. 
This is the largest family of th£ Psilonemateie and is 
distinguished at once from all the others by the entire absence 
of heterocysts. The trichomes consist of a simple and uniform 
row of cells, which sometimes exhibits a slight attenuation at the 
apex. The apical cell may be rounded, conical, or subcapitate, and 
it occasionally carries a slightly thickened hood or calyptra. The 
trichomes are straight or flesuose, occurring either free-floating or 
forming a thin mucous stratum. The slimy stratum formed by 
filaments of this family may occur on damp surfaces, on submerged 
Stones, oi; on the muddy bottom of ponds and ditches. Some 
species of Oscillatoria rise to the surfaces of ponds as brown or 
browniah-green flocculent masses, which are often very conspicuous. 
This generally occurs in bright sunshine, and the mass floats owing 
to the retention of numerous bubbles of oxygen amongst the 
intricate network of trichomes. The cells of some species of this 
&mity are joined so closely that the trichome appears perfectly 
cylindrical with straight margins. In other species there is a iaint 
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constriction between the cella, or the latter may even be separated 
by a mucous layer. In rare instanceB the trichomes are spirally 
twisted. 

Sheaths are not always present in this family, and when 
present, they are of very varied character. In some genera, such 
as Microcoleus and Phormidium, the sheath is always colourlese, 
transparent, and more or less evanescent, whereas in others, such 
as SchiaoOirix and Plectonema, it is of greater Bmmess, generally 
branched, and often lamellose. 

Slow, gliding or rotatory movements are exhibited by some 
species of Oacillaioria, Phormidium, Artkrospira and Spintlina. 
The family is subdivided into two groups: — 

Sub-familj I. VaginaTita. Several trichumefl included within b. 
single sheath, which is frequently branched. 

Sub-&mily II. Lyngbj/ae. Never more than one trichome witfaio 
a sheath. 

Sub-family I. VAGINARIE^ 

This sub-family contains the most highly organised of those 
filamentous blue-green Algfe which do not possess heterocysts. 
The most important feature of the group ia the inclusion of two 
or many trichomes within the same sheath. The sheaths often 
exhibit more or less branching, and are of two distinct tyjcies. In 
one type they are firm ajid lamellose, often brown, brownish-red, 
or even blue in colour ; in the other type they are mucous and 
hyaline. Those of the first type always become of a blue colour 
on the addition of chlor- zinc -iodine, whereas those of the second 
type very rarely become coloured by this treatment. 

A. Sheaths geiierally coloured ; trichomes looselj aggr^ated within the 
sheath, not very numerous. 

• Sheaths firm, lamellose, hyaline or coloured; con- 
taining few or many trichomes Schuothrix. 

** Sheaths wide, hyaline or yellow-brown, diffluent; 

containiog very few trichomes Datgglaa. 

B. Sheaths always hyaline, not lamellose, containii^ & 

large number of trichomes Mieroooteut. 

Genus Schizothriz Eutz., 1843. [Indus. InacHa Eiitz., 1843; 
Eypbeeothrux: Kiitz., 1843 (in part).] The filaments of this genus are 
variously agglomerated to form small cushion-like masses, erect 
tufibs, or a flat stratum, and occasionally they occur floating &eely in 
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water. In some instances there is a deposition of lime in the 
stratum. The fiUmente are either simple or variously branched, 
and are sometimes of great length. The sheaths are firm and 
lamellose, generally attenuated towards the apex, and rarely 
colourless. The inner layers of the sheath may be any shade 
of yellow, yellow-brown, purple, or blue, and they are usually of 
a deeper colour than the outer layers. There are relatively few 
trichomes {sometimes not more than two) within each sheath, laxly 
disposed, and sometimes spirally twisted. 



Fig. 161. A, Sthiiolhrix MiillrTii Nag., from Peujghont, W. Yorks. B, S. tardaeea 
(Cee.) Qoin., ttom ArnclifTe. W, Vorks. C. DatmiUta amorpha Berk. (& smkll 
tonn) ftom ThurBley CommoD, Surrej'. (All x 160.) 

The largest Britiah species is S. MUllerii NS){. (thickness of triohome* 
7—13 ;i; fig. 151 A) and the Btnalleet is S. dditxUUtimn W. & G. S. West 
(thickoees of trichomes 0*6 — 0'6 n). S. ealcicola (Ag.) Gom. aod S. larrtacea 
(Cee.) Gom. (fig. 151 B) are not infrequent on wet rocks. In S.fumilU W. & 
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G. S. West, whicb ia another very Bmall apeciee (thickneas of trichomeB 
05 — 0'7 /i), the brancbea of the filaments are twisted round each other like 
the aUunde of a rope. 

Genus Dasygloea Thwaites, 1848. This genus differa principally 
from Schizo^rix in the posaeasion of relatively wider sheaths, which 
enclose fewer and more remote trichomes. 

D. amorpka Berk, occurs iu permanent bogs ; thickneas of trichomw 
4—6 ft. A figure is given of a small form of the species (fig. Ifil C). 

Genus Uicrocolens Desmazieres, 1823. [CthonMastus Kiltz., 
1843.] The filaments are simple, terrestrial or aquatic in habit, 
and are furnished with a conspicuous hyaline sheath. This sheath 
is more or less cylindrical, not in any way lamellose, and its apex 
is generally diffluent. The trichomes are numerous, closely aggre- 
gated within the central part of the sheath, and often spirally 
interwoven. The apical cells are acute or acutely conical. 

Plants of this geniis are very rare in Britain, if. luhtorKloitu (Br^b.) 
Gom. (thickness of trichomes 4 — 5 ji) and M. delicataltu W. & G. S. West 
(thickness of trichomes 1'5 — S /i ; fig. 152 A) ai-e known from Scotland. 

Sub-family II. LYNQBYE,E. 
In this sub-family of the Oscillatoriacefle there is never more 
than one trichorae within a sheath, and the latter, although firm 

and lamellose in some genera, is indefinite or wanting in others. 
The trichomes vary much in thickness and in the relative length 
of their cells. As a rule, the thicker the triohome, the shorter the 
cells. In Arthrospira, Spiruliiia, and some species of Lyngbya, 
the trichomes are regularly and spirally twisted. In Spimlina 
the trichome is unsegmented, thus consisting of a single cell. This 
genus, therefore, approaches certain genera of Bacteria, such as 
Spirillum and Spirochtete. The extremities of the trichomes may 
be obtuse, capitate, acuminate, or even greatly attenuated. Move- 
ments of a gliding or rotatory nature are exhibited in the genera 
Osdllatoria., Phormidtum, Arthrospira and Spii-uUna. 
A. Trichomes consisting of many cells. 

* Filaments simple, or falsely branched ; sheaths firm ; apices of 
trichomes straight. 
+ Filaments free or forming felt-like masses, 

'branched ; peeudo-branches often geminate PUeUmana. 
tt Filaments forming erect tufts, o^n branched ; 

paendo-branchee aolitary Symplcca. 
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iif FilADaeots free and niniple, freo-floating or 

fonning a matted stratum l^nghya. 

** Filameotd simple ; sheaths thin, always hyaline, tuncouB, and 
more or less diffluent, in some sj)ecies absent; apicea of 
triohomes commonly curved, 
t Trichoroes more or less agglutinated by their 
mucuUB sheaths ; cells of trichome often 
slightly separated by a thin mucous layer... I'kormidiwm. 
tt Trichomea destitute of sheaths, free, straight, 

or with curved eitremities Otcillaloria. 

t+t Triohomes destitute of sheaths, twisted into 

a regular spiral Arthro^pira. 

B, Tricbomes consisting of one cell, twisted into a regular 

spiral .Sj^irKliiut. 

Genus Plectonema Thuret, 
1875. The filaments are free- 
floating, fonning ctespitose masses, 
or they are intricately matted 
amongst damp mosses and on wet 
rocks, forming felt-like or mat- 
like expansions. The sheaths are 

firm, hyaline or lamellose, and 

rarely of a yellow-brown colour. 

The trichomea fit closely within 

their sheaths, and there is ofi^en 

a slight constriction between the 

cells. The filaments give origin 

to &lse branches exactly similar 

to those of Scytonema ; in fact, 

Plectonema only diflfers from Scy- 
tonema in the absence of hetero- 

cysts and in the more irregular 

manner of its tidse branching. 

P. TomaiininnuTn (Kiitz.) Born, is 
the largest and most frequent British 
species, occurring tui greenish -brown 
felt-like masses on wet rocks. Thick- 

neas of filaments 18 — 27 /i; thickness ^ ** 

of trichomea IS-.I— 22p; length of Fig. 152. h.ilicnKoitntdfUcaiulHi 

cells 3-9 ,.. Thick-walled resting JJ^^^^hl^J ^^h '^^^n^'c" J"^ te^o 



cells, probably of the nature of s 



I Kiitz.. from FrininRhall, ^ 



have been observed in this species. Yorlis. (B, nat. size ; C, * 360). 
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Genus Syxaploca Kutz., 1843. Id this genus the filaments 
are densely interwoven to form a creeping stratum from -which 
arise numerous erect tufts of variable height. A false branching 
is exhibited by the filaments of some species, the branches arising 
singly. The sheaths are thin, hyaline, and generally firm ; they 
partially coalesce in the erect tufts. Only one trichome is present 
within a sheath and its apex is straight. 

S. maralig Kutz. is known from W. Yorkshire. It occurs on damp earth, 
walls, or trunks of trees; thickness of trichomas 3-4— 4 /i; fig. 152 Band C 
Other species occur among mosses and dead leaves, and others in hot springs, 
the genus having a world-wide distribution. 

Genus Lyngbya C.Ag., 1824. [Leibleinia Endlicher, 1836; 
LeptotJirix Ktitz., 1843 
(in part) ; Spirocoleus 
Mobius, 1889 (in part).] 
The filaments are un- 
branched, fi-ee-floating or 
densely intricate, forming ■ 
a floccose mass or an 
expanded' stratum. The 
sheaths are firm, of vari- 
able thickness, and some- 
times lamellose. They 
are generally hyaline, but 
in a few species they 
become of a yellow-brovm 
colour. The trichomes 
are either obtuse or 
slightly attenuated at 
the apices, and sometimes 
there are evident constrictions between the cells. 

Species of ttia genus are widely distributed and occur in very varied 
habitats. Those belonging to the subgenus Leibleinia are entirely marine 
and live as epiphytes on other larger Algee. There are about 10 British 
freshwater species, of which L. Marteruiana Menegh. (thickness of trichomee 
6 — 10ft) and L. (trugineo-carulea (KUtz.) Gom. (thickness of trichomea 
4—6 fi ; fig. 153 B and C) are the roost abundant. L. ockracea (Kutz.) Thur. 
occurs in water containing nuicli iron, the oxide of iron ultimately forming a 
thick deposit round the ahoachs of the filaments. L. (e<fuan'i(Mert) Lieboian 
is the largest British apecies which occurs in fresh water (thickness of tri- 
chomes up to 24 fi), although it is principally brackish or marine in habit 



Fig. 163. A, Lyngbya majoy Menegli., from 
Wimpole Park. Cambridge. B and C, L. aru- 
ginio-earulea |Kvitz.) Oom., from Bradford, W. 
Yorks. D, Phormidium nwlU (KUtz.) Gom. (a 
narrow form), from Bradford, W. Vorks. E and 
F, Fh. lenue (Menegh.) Gom., from Wicken Fan, 
Cambridge. (All >4()0.) 



n,s,t,..dDi. Google 



OscillatoruK&s 335 

Genus FhormlcUtiiii KUtz., 1843. [Hypfueothrix Kutz., 1843 
{in part) ; Leptothrix Kiltz., 1843 (in part).] Thia genus is inter- 
mediate in character between Lyngbya and Oscillaioria, and 
undoubtedly serves a useful purpose for the reception of species 
which cannot be strictly referred to either of those genera. The 
filaments are simple and invested by delicate hyaline sheaths, 
which frequently become confluent or altogether diffluent. The 
filaments are often agglutinated to form an expanded stratum, 
either on damp earth, wet rocks, or entirely submerged. Some- 
times thia stratum becomes hard and leathery, but it is more 
often soft and slimy. The triehomes are cylindrical, and there is 
frequently a constriction between the cells, a feature which is so 
prominent in some species as to give the trichome a moniliform or 
torulose appearance. The apices of the triehomes may be straight 
or curved, and the apical cells are attenuated, capitate, or even 
thickened at the extremity. 



Plants of this genua are amungst the commonest of tha blue-green AlgK, 
occurring in all kinda of damp and wet situations, and often giving a decided 
tint to lai^ areas of -damp ground, vertical limestone rooks, or those rocks 
and stones subject to the apray of waterfalls. There are some 13 British 
species occurring in damp situations or in fresh water. Pk. atUumnale (Ag.) 
Qom. (diam, trich. 4 — 7 /i) ia abuudant on damp earth, and Ph. teav« 
(Uenegh.) Uom. (diam. trich. 1 — 2^; fig. 153 E and F) is frequent among 
other Algn in ponds, ditches, and rivers. Pk. purpurascanx (Kutz.) Gom. 
forms reddish-purple patches on the vertical focea of wet liroeatone rocks 
(diam. trich. r5 — 2^). 

[Not*: — Clonntkrix gracillima W. & G. S. West ia one of the Schizom;- 
cetes of the genus Cladothrix-I 

Genus Oscillatoria Vaucher, 1803. [Oscillaria Bosc, 1800'.] 
The triehomes are free and cylindrical, without a sheath, or with 
one so thin eis to be almost imperceptible. Faint constrictions are 
sometimes evident between the cells, but more often the edges of 
the filaments present a continuous and unbroken line. The cells 
vary much in relative length, but in the larger species they are 
always much shorter than their diameter. The extremity of the 
trichome may be straight or curved, and it is often attenuated. 
The apical cell is sometimes miich attenuated, and may be capitate, 
being frequently furnished with a terminal thickening of the cell- 
wall known as a calyptni. The genus is foimd in great profusion 
" Otcillaloria" consult Gomont in 
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all kinds of wet situations, and sometimeB on damp ground, or 
in hot springs. Flocculent masses 
of OscilUitoria are often found float- 
ing on the Buriaces of ponds and 
ditches after sunshine, and they 
commonly give off a more or leSs 
distinctive odour. The movements 
exhibited by the trichomas of this 
genus are discussed on page 315. 

There are about 20 British npecies of 
the genus, one of which (0. deaolorata 
U. S. We&t] is destitute of pigment and 
lives a gaprophytic eiiatence in stagnant 
ditches. 0. princept Vauch. ie the largest 
H]iecie3 (thicknesB of trichomea 25 — 50 /i) 
and 0. anguttUsima W. & G. S. West is 
the narrowest (thickness of trichomea 
0'6 ji), 0. limoia Vauch, {thickness of . 
trichomes l'2— 17 n ; fig. 154 A) and 0. 
tenm* Ag. (thicknoiM of trichoraes 4 — 
10^; tig. 154 C) are the most abundant 
species. 0. irrigua Kiltz. (fig. 154 B) is 
quickly runuing water. 



Fig. ISl. A, OicillatBria limoia 
Ag., fiom WimbledoD Cominon, 
Surrej. B. O. irrigva Kiitz., from 
Shiplej Glen, W. Yotka. C, O. 
itnaii kg., from Sheep's Qreen, 
Cambridge. D, O. npl'ndirfu Grev. 
var. al(fniia(o W. 4 G. 8. West, 
from Baildon Moor, W, Torka 
E, O, acuminata Gom., From 

fS'.' "'"■ """""'"•■ I*" Genu.Artlm>.pi™Sti!eobeiKer, 

1852. The trichomes are cylindrical, 
■ commonly devoid of a sheath, and twisted into a regular spiral. 
The latter character is the only distinction from Oscillutoria. 
. The cells are generally shorter than their diameter. 

A. Jenneri (Haw.) Stizenb. is a rare Alga, which occurs in stagnant 
water, or forms a dark-greeu mucous stratum in trickling water ; diam. of 
diam. of spiral whorls 9 — l.") /t 

Genus SpiruUna Turpin, 1827. The trichomes are very narrow 
and are twisted into a regular spiral. 
They consist of a single elongated cell, 
sometimes of great length, and without 
transverse septa. This feature at once 
distinguishes the genus from Arthroapira. 
S. major Kiitz. is frequent in stagnant water 
(diam. trich. IS— 2-5 f,; fig. 155 B), and S. (wa- 
utima Kiitz. { = S. tub*aUa CErstad) is often 
salt and brackish water, rarely occurring in fresh water (diam. 



trichomes 5 — 



<BG 



Fig. 165. A, fipiruUna 
titrfoia Cram., from Lough 
Neaph, Ireland. B. Sp. 
major Kiitz., from Wicken 
Fen, Cambridge ( x i80). 



abund) 
trich. 1—2 n). 
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Sub-order 2. TRICHOPHOEE.E. 
This ia a small group coDtaiDing some of the moat character- 
istic of the blue-green Algse, The trichomes are strongly attenu- 
ated either towards one end, or from the middle towards both 
ends, and in all cases they are sheathed. The sheaths are generally 
strong, rarely hyaline and delicate, often lamellose, and fimbriate 
or ocreate along their margins. In certain genera, such as in 
Dichotkriw and Ammatoidea, a false branching is present. Hetero- 
cysts are present in some genera, but absent from others. Asexual 
reproduction takes place by the formation of hormogones, but in 
GlcBOtrickia spores are developed from the basal cells next the 
heterocysts. 

Tbere are two sharply difiereotiated families : — 

Famtl; 1. Riwlarlaeea. Trichomea attenuated from tbe base to 
the apex, which is piliferous; heterooysts basal (rarelj absent). 

Fnmilj 2. CamptotricAacete. Trichomea att«Duat«d from the 
middle towards each extremitj ; beterocTats absent. 

Family 1. BIVULAKIACE^. 

Algee of this femily are fiiirly abundant in mountainous dis- 
tricts, and they also occur sparingly in the less elevated parts of 
the country. They are found principally on the dripping rocks of 
water&IIs, cataracts and streams, or at the margins of rocky lakea 
They form soft felt-iike expanses, or hard hemispherical masses, 
generally of a brown colour, but a few of them occur as blue-green 
nodules attached to the stems and leaves of submerged plants. 

The trichomea are all attenuated to a hair-like point, and at 
the broad base, in all except a few species, one or two heterocysts 
are located. Occasionally intercalaiy heterocysts are present in 
addition to the basal ones. The sheath is tubular, gelatinous or 
membranous, and is frequently strongly lamellose. In some species 
the lamella of the sheath become dilated upwards, thus giving 
the exterior of the filament a fimbriate appearance. It frequently 
happens that the sheaths of adjacent filaments become fused to 
such an extent that their individuality is lost. The usual colour 
of the sheaths is yellow or yellowiah-brown, and in some cases 
they are indurated with carbonate of lime. 

The filaments exhibit a false branching due to the growth of 
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new trichomes from some of the inferior cells of the original 
trichome, the new growth often occurring immediately above an 
intercalary heterocyst. It is in Dichothrix that the false branching 
and fusion of the sheaths are most marked. 

Asexual reproduction takes place by the formation of hormo- 
gones, the hair-like apical portion of the trichome being loat. 
Asexual spores commonly arise in GUeotrichia (and also in Calotkrix) 
in close apposition to the baaal heterocysts. 

There are five British freshwater genera, which can be distinguiahed ta 
follows : — 

A. Without heterocystB, FilameDts free, very narrow, 

forming a thin stratum AmjJeUhrix. 

B. With heterocysts. 

* Pilumento free, simple or forming a dichotomoua tballua. 
t FilamantsaimpleorfalsBlybraDched; brunches , 

distinct and free CalctArix. 

tt Filaments branched ; branches aeveral (2 — 6) 

within a common sheath Diehoikrix, 

** Filaments forming a hemispherical or globular thallus, ctosel; 
united by mucus, 
t Filaments radlately dbpoaed in a tough, 

globose or hemispherical, attached thallus. ' 

Spores unknown Rividaria. 

ft Filamentsrndiately disposed in a soft, globose, 
free-floating thallus. Spores regularly pro- 
duced Glaolrichia. 

Genus Amphithrix Katz., 1843; em. Bom. & Flah., 1886. 
The filaments form a thin expanded stratum of a purple or violet 
colour, which consists of two layers. The inferior layer is com- 
posed of densely intricate filaments, or of minute radiately disposed 
aeries of cells ; the superior layer consists of simple, erect filaments, 
closely packed together and attenuated to fine points. The sheaths 
are thin, close and continuous, and there are no heterocysts. 

A. janihina (Mont.) Born. & Flah. occurs on wet rocks and is known from 
W. Yorkshire; thickness of filaments I'S— 2-25fi. 

Genus Calothrix Ag., 1824. [Mastigonema Schwabe, 1837; 
Mastigothria: Kiltz., 1843; Sokizosipkon Kiitz., 1843 (in part); 
Symphyosiphon Kutz., 1843 (in part).] The filaments are simple 
or slightly branched, forming penicillate tufts or soft velvety 
expansions, which are generally attached to submerged rocks and 
stones. The heterocysts are basal or intercalary, and in a few 
specif they are absent. The plants often exhibit a slight 
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branching, caused by the close application of the base of one 
filament to the side of another, the sheaths being continuous. 
The upper and more attenuated parts of the filaments are, how- 
ever, always fi^ee. Borzi' has observed the formation of basal, 
seriate spores in one species. 

There are about eix British freshwater species, C. parietina (Nag.) Thur. 
being the most frequent (thicknesa of trichomes 6 — 12 /i; fig. 156 A and B). 
C. fu»ca (Kiitz.) Bom. & Flah. and C. epipkyika W. & G. S. West are epi- 
phytes on other larger Algse,- such as Vaucheria or Batracho*pennum, 



Fig. 166. A and B, Catothrix parieltna (Nbk.) Thur., from Arnoliffe, W. Yorka. 

C. ZHehothrix inlfmpta W. Ii G. B, West, from SlievB Donard, Iralaad. 

D, D, OT$iniaBa (Kiitz.) Born. & Flah., from LaDodalei WeBtmorelaud. (All 
x420.) 

Genus Diohothriz Zanardini, 1858, In this genus the filaments 
are more or less dichotomously branched, several trichomes with 
their sheaths being enclostd within an outer common sheath. The 
heterocysts are basal or intercalary, and in one species they are 
absent. The plants generally occur in penicillate tufts on dripping 
rocks. 

' Borii in Nuovo Giomaie Botao. Ital. 1882, liv, p. 374, 

22—2 • 
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There are five British species, all of which are rare. The; occur priuci- 
paJlj on dripping rocka in mountainoua regions, D. Nordttedtii Bom, 
k Ftah. and D. Ornniana (Kiitz.) Born. ^ Fkh. (thickness of tiiamentB 
10— 12 ft, of triohomos 8— 7-5,i ; fig. 156 D) are widely distributed, and D. 
interrupia W. & G. S. Went is known from the Mourne Mto, Down, Ireland 
(fig. 156 C). 

Genus Rivularia (Roth) Ag., 1824 (in part) ; em. Thuret, 1886. 
[Zovatrickia J. Ag.. 1842 ; 
Limnactis KUtz., 1843 ; 
Schizosiphon Kiitz., 1843 
(in part).] The plants 
consist of a globose or 
hemispherical thallus, of a 
tough character, composed 
of radiatingfilaments which 
are repeatedly ' branched,' 
The thallus is attached to 
submerged plants (such as 
Chara, Myriophyllum, or 
the bases of the sterna of 
Phragmite8)<}r tothestones 
of streams and cataracts, 
and is sometimes indurated 
with lime. The heterocysts 
are basal and the extremi- 
ties of the filaments are 
piliferous. Spores have not 
been observed. 

There are four freshwater 
apecies occurring in Britain, of 
which R. hcematita (D. C.) Ag, 
\^'=Zonatrichia calcarea {Eng, 
Bot.) Endlicber] ia the moat 
frequent, sometimes occurring 
iu quantity attached to the 
stones of mountain streams in limestone districts, H. dura Both and R, 
miautula (KUtz.) Bom. & Flah. (thickness of trichomes 2 — 13-5fi; fig. 167 D 
and E] are occasionally met with attached to Huhmergod plants, forming amsU 
globoHe masscti of a bhie-green or greenish -black colour. 

Genus Gloeotrichia J. Ag., 1842. The thallus is globose and 
; free-floating, solid when young, but inflated and hollow when 



Menegh., frnm 



— C. Ritmiaria BiaioUtliana 
1 Amolifle. W. Yorke.; A, nat. 
iirface of Stone; B and C. x480. 
D and E, i?. minitlula (Eiitz.) Born. A Flab., 
fTOm Clilppenham Fen, Cambriiige; D, nat. 
size, on stem ot Phragmitfg ; E, x 480. 
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old. The filaments radiate from the centre outwards, and, as in 
Riwiaria-, exhibit a folse 'branching.' The aheaths are only 
conspicuous near the base of the tricbomes, being gelatinous and 
confluent near the periphery of the thallus. The tricbomes are 
strongly attenuated from the base, and are more or less torulose. 
From the cell immediately above the basal heterocyat elongated 
cylindrical spores are developed, which remain for some time ' 
within the basal part of the sheath. 

There are two British freshwater Bpeciea, O. Pisum (Ag.) Thur. and 
O. natani (Hedw.) Rabenb. The former poeseseee a thallus which does not 
reach a greater diameter than 2 mm., but the latter ie a larger (tpeciee with 
a thalluB up to 10 cms, diameter. O. Piiam is one of the A^te frequently 
concerned in the phenomenoo of the "breaking of the meres." 

Family 2. CAMPTOTRICHACEJB. 

This is a small family sharply marked off from the rest of the 
Trichophorete by the attenua- 
tion of the filaments Jrom the 
middle towards each extremity. 
The plants are epiphytic and 
there are no heterocysts. The 
sheath may be very thin and 
delicate, or thick and lamellose. 
Only two genera are known, one 
of which (Camptothrix) is a genus 
of small tropical epiphytes. 

Genus Ammatoidea West & 
G. S. West, 1897. The filaments 
are epiphytic and exhibit a false 
ramification comparable with that 
met with in Rivularia. They are 
suddenly bent in their median or 
widest portion, the two more or 
less parallel extremities being 
gradually attenuated topiliferous 
apices. The sheaths are firm and 
lamellose, in young filaments 
colourless, but in older ones of a 

yeuow orown coiour. ine tn w. * O. H. West, (rem Dartmoor, 
chomes exhibit a slight constnc- Deromhire ( x 420). 
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tion between their median cells, and the apical cells are about six 
times longer than their diameter, 

A. Normanii W. & O, S. West is known from Devonabire aa an epiphyte 
on Batraehotpemtam monilifarme. Thickueea of filaments &'6 — 12'5^ of 
trichomea 36— 55;i; fig, 158. 



Order II. COCCOGONE^. 

In this order the plants are unicellular or colonial, commonly 
occurring as colonies of unicells enveloped in a copious gelatinous 
investment. The colonies vary much in size and shape, bein^ 
spherical, ellipsoidal, or expanded gelatinous masses. The cells are 
of varied form and are disposed in a variety of ways within the 
mucous envelope. The latter is sometimes conspicuously lamellose, 
but more often it is hyaline and structureless. 

The Coccogoneie constitute the lowest group of the Myxophyce«e, 
and indeed they are the most primitive of all the Algse. They 
occur free-floating, or more rarely as epiphytes, and some of them 
form gelatinous masses on wet rocks. Not a few are regular and 
abundant constituents of the freshwater plankton. 

The normal method of multiplication is by simple cell-fission, 
the larger colonies ultimately breaking up to form smaller ones. 
Sometimes young colonies arise at the sides of the older ones by 
a process of budding. Rounded asexual spores or gonidia have 
been observed in some species, being formed within the wall of a 
mother-cell, 

Zoogonidia are unknown. 
There are two well-marked families. 

Family 1. Chamatiphoniaoem. Cells epiphytic, with a distinct 
baae and apei ; reproduction only by the formation of gonidia. 

Family 2. Chroococcacetr. Cells or colonies free-floating or form- 
ing a gelatinous stratum, very rarely epiphytic, not differentiated into 
base and apei ; multiplication by simple cell-division (very rarely by 
gouidia). 

Family 1. CHAM.S8IPHOinACEiB. 

The plants of this family are epiphytes, generally occurring in 

clusters around the filaments of larger Algie, They are in all 

cases differentiated so as to present a distinction between base 

and apex, and reproduction occurs by the formation of a number 
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of non-motile spores or gooidia from the contents of a mother-cell. 
Most Algffi of this family are marine, the only British Jreahwater 
genus being Ohairwesiphon. 

Genufi ChamflBaiphon A. Br. & Gran., 1864. [Indus. Sphtero- 
ffoniTtm Boetaf, 1883.] The cells ate small, ovoidal, pyriform, or 
cylindrical, with very thin cell-walls. The cell-contents are homo- 
geneous and of a blue-green, violet, or yellow colour. The cells 
are attached by their base and generally widen upwards to their 
free apex. The gonidia are successively cut off from the upper 
part of the cell which has become a gonidangium, gradually 
escaping from the open apex. 




Ch. con/ereieola A. Br. in found ae ad epiphjte on Chtxtomorpha, SAixoda- 
nium, VaaeAtria, etc, aud Ck. ituruttaja Grun. (diam. of cells 3*6 — 4'8ri; 
fig. Ifi9) often thicklj covers filaments of BJtizodonium and (Edogonium, 

Family 2. CHROOCOCCACE.ffi. 

This is the largest family of the Coccogonete, and includes a 
great variety of unicellular and colonial blue-green Algae. They 
are abundant in all kinds of damp and wet situations, frequently 
forming a gelatinous stratum on the damp sur&ces of dripping 
rocks. The cells vaiy much in shape in the different genera, and 
the colonies assume different forms according to the direction of 
division of the cells. In some the cells divide in every direction 
of space within a gelatinous envelope, producing an irregular 
colony, oflen of large size. In others the cells divide only in two 
directions in the same plane, giving rise to a tabular colony ; and 
in others cell-division takes place in one direction only. In one 
genus {Tetrapedia) the cells are flattened and they possess a 
striking symmetry of form. Synechococcus and Tetrapedta are the 
only genera which are commonly destitute of a mucous envelope. 
In all others the cells are invariably embedded in a masa of mucus. 
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which varies much in ita consistency. It may be firm and lamellose, 
or very hyaline and diffluent. The cells often contain red, orange, 
or violet pigments. 

Reproduction has been observed in a few species to take place 
by the fonnation of non-motile spores or gonidia within a goni- 
dangium. 

There are two sub-femiliee : — 

Sub-family I. Ckroocyitem. Epiphytes on larger Alga, with a 
well-defined dorBiventrality. 

Sub-family II. Ckroococeem. Free-floating or formiug a gelatinous 
Htratum, with do doraiventrality. 

Sub-family I. CHROOCYSTE^. 

This sub-family includes only a single genus, the plants of 
which differ from the rest of the Chroococcacese in being epiphytic, 
and in the possession of distinct upper and lower aurfe^es. They 
are likewise characterized by the possession of prominent bristles. 

Genus aicsochsBte Lagerh., 1883. [Schrammia Dangeard, 
1889.] The celts are globose or sub-globoae, enveloped in a wide 




mucous coat, and they occur singly, or in twos or fours, attached 
to larger filamentous Algee. More rarely they are attached to the 
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leaves and BtemB of submerged Mosses or Phanerogams. Each 
cell is funiished at its upper pole with one or two long, thin 
bristles, which sometimes give off small branches or spurs near 
their apices. The primitive chromatophore is bell-shaped, of a 
brilliant blue-green colour, and there is a clear space in the centre 
of the cell Lagerheim in his original description of the genus' 
says " nucleus singulus," The mother-cells give rise to two or 
four daughter-cella on division. 

Many authors have placed this Alga in the Chlorophyceffl, or 
have recorded a chlorophyceous Alga under the name of ' Glceocfuete.' 
The genus as I have often found it, and, as here figured, most 
certainly belongs to the ChroococcaceEe. 

al. WiUrvckiana Lftgerh. is known from Beveral ports of the British 
Islauda, oocumDg as an epipbyto on VatKheria, Cladophora, or the leaves of 
Sphagnum. Diam. of cells 6— 21>i; length of bristles 96— 260 /i; fig. 160. 
01. bicomu Kirchn. has a pair of bristles attached to each cell. 



Sub-femily II. CHR00C0CX3EjE. 

The sub-family Chroococcese embraces almost all the unicellular 
and colonial Myxophycete. They are unquestionably of a lower type 
than any other of the Algie, and some of them bear resemblance 
to certain of the Bacteria. The cells display considerable variety 
of form, and with the exception of the genera Synechococcua, 
Tetrapedia, and to a certain extent Merismopedia, they are 
enveloped in a copious covering of mucus. The mucous coat is 
sometimes iirm and lamellose, as in some species of Chroococcus 
and Ol<BOC(^sa, but more often it is an ample, homogeneous covering, 
very hyaline in character. It often happens that the coverings 
of numerous cells have fused together, thus forming gelatinous 
colonies of various sizes. Some of these colonies are large macro- 
scopic masses, containing many thousands of cells, and possessing 
a tough exterior. In some genera, such as Mermnopedia and 
Caloapkwrium, the colonies are of limited size and of definite 
shape. 

Multiplication takes place by the repeated division of the cells 

and the final fragmentation of the original colony, each fragment 

growing in size and repeating the processes. In the spherical 

colonies of Caelospkferium a kind of budding takes place by means 

> Lageihdm in Nuovs Notarina, IB90, p. 331. 
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of which a new colony is developed from the side of the old one, 
ultimately becoming separated from it. Cell-division may be in 
one direction only, in two directions in one plane, or in eveiy 
direction of space. 

Beproductioa occurs in GompkoaphcBria by non-motile spores 
or gonidia '. 

Then} are tbirteeo British freshwater genera, which can be arranged as 
follows :— 

A. Cell-division in one direction onlj. 

* Cell-division transverse. 

+ Cells enveloped in a wide mucous coat. 

I Calls elongated, each with a mucous coat Olceotkece. 
XI Cells little longer than broad, enveloped 

in a. common mucous investment ... Aphanotheee. 

+t Cells destitute of mucus Syneekocoecvt. 

** Cell-diviHion oblique ; cells enveloped in mucus Daclylococcoptit. 

B. Cell-division in two directions in one plane. 

* Cells globular or rounded-quadrate ; colonies 

often large Merimutpedia. 

•* Cells of a definite symmetrical form, solitary, 

or forming small colonies TelTapedia, 

C. Cell-division in all directions of space ; cells enveloped in mucus. 

* Cells forming large colonies. 

+ Cells arranged at or towards the periphery of spherical 
colonies. 
I Cells closely and regularly arranged ... CaUotphariKm. 
II Cells geminate and sparsely scattered, 

markedly pyriform in shape Qomphotpharid^ 

tt Cells densely abrogated in globoee, elon- 
gated, or clathrste colonies MieroeyttU. "-• 

+tt Cells a^regatod to form irregular gelatinous colonies. 
X Individual mucous coats clearly evident 

round each cell Olceocapta.- 

XX Cells enveloped in a common mucous 

covering Apkanocapta. 

Ill Cells arranged in a compact gelatinous 

stratum Porpljyridivm, 

** Cells more or less solitary, or forming very 

small colonies Ckrooeotau. 

Genus QlGBothece Nag., 1849. The cells are cylindrical and 
elongated, each one being surrounded by a thick mucous coat, 
which sometimes shows indications of lamellation. Cell-division 

' Sehmidle in Berichte Deataoh. Botan. Oeaellsch. 1901, lix. 
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is only in one direction, and a number of cells are usually associ- 
ated to form a small colony. 

Species of this genus occur on wet rocka, among wot mosses, end in b(^< 
pools. Gl. tinearit NUg. (length of cells 10-&— ISft; breadth 1-3— 2'3/i; 
fig. 161 A)and(?i.con;IiienjNag. (length of cells 6-7 —7-5 p; breadth 2-6— 3 j.; 
fig. 161 S) are the most frequent British species. 

RKabdoderma lineare Schmidle' seems very closely allied to Olaothect 
linearis Ha^., If not actually identical with it. 

Genus Aphanothece N^., 1849. This genus only differs 
^m Olceothece in the ag- 
gregation of large numbers 
of cella within a common 
mass of mucus. The cells 
are cylindrical and longer 
than their diameter. 

A. microicopica Nag. [length 
of cells fi—Sfi, breadth 3-5— 
4fi; tig. leiC) and A. $aj^cx>la 
Nag. are the most frequent 
speciea. They are found in 
bog-pools, at the margins of 
l&keH, and on wet rocks. 

Genus Synechococoos 
Nag., 1849. The cells, 
which are cylindrical with 
hemispherical apices, are 
larger than in the preced- 
ing genera, and are desti- 
tute of the outer mucous 
coat. They occur free- 
floating in ponds, ditches, 
and bog-pools, often in considerable quantity. The cell-contents 
are usually of a brilliant blue-green, rarely of a rose-purple colour, 
and contain numerous large granules. 

S. am^jtoiuM Nag. and S. major Schroeter (length of cells 26— 29f*; 
breadth 150— 17-&f> ; fig. 161 D and E) are the most abundant British 
speciee, the latter often occurring in quantity in bogs. 

Genus DactylocsoccopslH Hansg., 1888. The ceils are generally 
associated to form small colonies, rarely solitary, and in many 

I Schmidle in Bericbte Deutsefa. Botan. GesellKh. 1900, iviil, p. 149, t. vi, 
f. 8-U. 
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Pig. 161. 
Old Cote » 
Va^; from i 

thece microicopicn NS«,, from Withiel, Com- 
wall. D and E, Syiifcboroccui major Sahroet.. 
irom Adel Bog, W. Yorka. (All x 150.) 



A, Glaothec. 
ir, W. York 
LI Settle, W. YorkB. 



Nite.. from 
C. Afhano 
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caaes the colonies are embedded in a copious mucus. The cells 
are elongated, fusiform or lanceolate, with attenuated extremities, 
or sometimes sigmoidal in form. The chromatophore is almost 
homogeneoua, of a pale blue-green colour, and somewhat lateral in 
position. Division of the cells occurs much aa in Dactylococcug, 
by oblique septatiou. 

D. montana W. & Q. S. West (length of cella 8-6— 11-6 ft, breadth 36— 4 p. ; 
fig. 162 A) occurs in bt^-poola amongat Sphagnum. D. rhapKidioidet Hanag. 
ia known from the plankton of Lough Neagh. 

Genus Mertsmopedla Meyen, 1839. This is one of the most 
striking genera of the 






consist- 
ing of a flat rectangular 
colony, the cells of which 
are arranged in rectilinear 
series. Cell-division takes 
place in two directions 
and the cells appear to 
be usually arranged in 
groups of four. The cells 
are globose, ellipsoidal, or 
oblong, sometimes slightly 
angular by compression, 
and the cell-contenta are 
homogeneous. 

M. glauea (Efarenb.) Nag. 
ia the commoueet Britieh 
apeciea, occurring in poniia, 
ditches, bogB and ItUcee ; diam. of cells 3'3—3'8^ j fig. 162 B. M. pmuUata 
Meyen and M. asrtiginea Br^b. are not infrequent in stagnant water, il. 
eleffatu A. Br. is the liirgest apeciee of the genus and is known from few 
localities in the British Islands; diam. of cells 6-5— 9-6^; fig. 162 C. The 
colonies of M. glauea and M. ehgunt often reach a large size (diam. up to 
220^) and-caa; contain aa many aa 1856 cells. 

Qenus Tetrapedia Reinsch, 1667. In this genus the cells are 
of some definite and symmetrical shape, often constricted into two 
equal half-cells. The cell-wall is firm and the cell-contents are 
homogeneous. In some species the cells are almost invariably 
solitary, but in others they are grouped in flat colonies similar to 
those of Merismopedia. 






FiB. 163. A, 
7. & 0. S. Wert, fro 
B, Merimoptdia glauea (Ehrenb.) Nig., from 
ThuTsle; Common, Sorrej. C, M. elegant 
A. Br., part of a large colony from Wicken 
Fen. Cambridge. D, Tetraptdia Reiiuehianif 
Aroh., from near Goring, Oriotd. {All x480.) 
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All the epeoiee are rare, but T. Reintckiana Arch. (diam. of cells 5'Q — 6 fi ; 
fig. 162 D) and T. glauceieent (Wittr.) Botdt occur in lakea and bog-pools. 
7^ aetigera Arch, ia a beautiful little speciee known irom S. W. Scotland and 
"W. Ireland, and which has been erroneously referred b; some authors to the 
chlorophyceoUB genus Tetraedron. The cell-contenta of Tetrapedia tetigera 
are homogeneous and of a pale blue-green colour. 

Genus CceloBphsBrtoni Nag., 1649. The cells are more or less 
closely grouped to form a hollow, spherical colony. They are em- 
bedded in a mass of mucus and are arranged just within the 
periphery of the spherical mass. In form they are globose, ellip- 
soidal, or ovoidal, and the cetl-contents are granular, with so-called 
gas- vacuoles. 

The genus is a oommon constituent of the freshwater plankton, and ie 
also found frequently in large ponds. C. Kutdngianum Nag. (diam. of colony 
48—90 fi ; diam. of cells 3—3-9 ft ; fig. 163 A) is the most abundant species, 
although C. Ndgelianum Unger and C. miniUi»»imu7n Lemm. both occur in 
quantity in the British freshwater plankton. 



4«^ 



Fig. 169. A, Caloipharium Klluingianum Niig., from the plankton of Lough 
Neogh, Ireland. B, OomphoMpharia aponina Edtl., from Easton Commoo, 
Kent (xSfiO). 

Genus Oomphosphseiia Eiltz., 1836: In this genus the 
colonies contain fewer and more scattered cells, which are disposed 
chiefly towards the periphery of a globular or ellipsoid mass of 
mucus. The cells are grouped in pairs and are distinctly pyriform 
in shape. Schmidle has observed the formation of ' microgonidia.' 
The entire colony is solid and the cells divide alternately in three 
directions. 

6. aponina KUtz. (diam. of colonies 64 — 78 fi; length of cells 8b — IVH n; 
Gg. I33 B) is not uncommon in ponds, lakes, and stagnant ditches. 

Genus MiorooysUs KUtz., 1833. [Pulycyatia KUtz., 1845 ; ' 
Claihrocystia Henfrey, 1856.] The cells are small, mostly globose, 
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and are densely aggregated to form solid colonies of variable 
shape. In some species the colonies are globose, ellipsoidal, or 
oblong ; in others they are 
much elongated ; and in 
others they become cla- 
thrate and almost anasto- 
mosing. The cell-contents 
are bhie-green, olive- green, 
or rose-purple in colour, 
and often contain gas- 
vacuoles. 

Fig, 164. A, Mkioci/itii ilagnalif Lemm., M. marginata Men^li. 

from the plankton ofLough Neaifb. Ireland. ^^^ ^.f ^,1^ 2-6-2-8^;. fig. 
B, U. marginata MenSRh., from Old Cote ;„, v. u i^ .w'.. , 

Moor, W. YorkR. (x450). 164 B), M. Floi-aqaar (Wntr.) 

Kirchu., 3f. elahent (Breb.) 
KUtz., and .V. ttagnalis Lemm. (diam. of cells 1—1 '6 fi ; fig. 164 A) are all more 
or less common in bogs and lakes. M. roteo-perticinu* (Kiitz.) often nociirB 
in quantity in ponds and ditches which contain Tnuch decaying veget&tioD. 
M. ceruffiiwia (Kiitz.) [ = ClathrocyMu eeruginoia (Kiitz.) Henfrey] often oocuK 
in prodigious quantity in ponda and in the plankton of lakes. 

The three genera Microci/ttii, Poli/cyttu and Clatkrocyiti* are not suffi- 
ciently distinct to warrant their separation. The differences between thoiu 
are only differences of degree. 

Genus GlcBOcapBa Kutz., 1843 ; em. Nag. 1849. The cells are 
globose and furnished with a thick integument, which is frequently 
lamellose. The daughter-cells which arise by the division of the 
mother-cells are generally retained as part of the colony, a larger 
integument surrounding the individual envelopes of the cells. In 
this manner the colonies become of large size and frequently form 
a gelatinous stratum. The integuinents of the cells are sometimes 
colourless, but they may be yellow, brown, blue, violet, or red. 
Cell-division takes place in alt directions and the colonies are 
most irregular. Thick-walled resting-spores have been observed 
in some species. 

Kuntze and, following him, certain other authors, have identi- 
fied Glceocapsa Kutz. with Bichatia Turp, (1827), but to ray mind 
this identification is uncertain. 

There are about 20 British species, some of which are of doubtful aWjoific 
distinctness. Gl. patietata Nag. (diam. of cells I'fl — 2fi) is the BU;.,^leftt 
species. 67. polydermatica Kiitz. is remarkable for the larneliation ir"; the 
integunionta (tig. IBS C— E). Gl. Magma (BnJb.) Kiitz. with golden-yell ay, or 
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brown int^^meDts (fig. 16S B), and 01. Salftiana (Hass.) KiiU. with bright 
rod or purple integuiueBts, are two of the best-defined species. Most of the 
species occur on wet or dripping rocks, geaerallj in association with other 
Mjxophycete. 



Genus Aphanocapsa Nag., 1849. 
aggregated to form small 
colonies within a com- 
mon homogeneous in- 
tegument. The genus 
only differa from Apha- 
jiotkece in its globose 
cells. The integument 
may be colourless or 
tinted brown or blue- 
green, and the cells are 
of a blue-green or olive- 
green colour. 

There are four British 
species occurring both in 
etftgoant water and on wet 
rocks. A. Orevillei (Hass.) 
Rabenh. is the most fre- 
quent ; diam. of cells 34 — 
4-5 ^ ; fig. 165 A. 



The cells are globose and 







Fig. 165. A, Aphanoeapta Grevillti (Uasa.) 
RabeDh., from Hello Pot, W. Yorka. B, Glaa- 
capia Magma (BrSb.) Ejitx., trom Boston Spa, 
W. Yorka. C— E, Gl. polydtrmatica Kiltz., from 
Boston Spa. W. Yurkb. (Ail x450.) 



Genus Porphyri- 
dimn Nag., 1849. The 
cells, which are closely arranged to form a thin gelatinous stratum, 
are globose or angular by compression. The stratum consists of 
many layers of cells, and the cell-contents are of a reddish-purple 
colour. Cell-di\-ision takes place in all directions. 

P. crventum (Kg.) Ntfg. is a common Alga, forming a thin slimy stratum 
of a. dark red colour ou damp ground and near the base of damp walls. The 
cells are 7 — 9/i in diameter. 

This Alga was at one time placed Id the CblorophycefB and has since been 
rel^ated to the Rhodophycete. I agree with Hansgirg, however, in thinking 
it much better placed in the Mjiophycese. There are many of the Myio- 
phfccai which possess as much red or purple pigment as Porphyndiura, and 
moreover, the latter genus is generally found in association with blue-green 
Algce. It is more nearly allied to Aphanocjpsa than any other genus of 

AlgB. 
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Genus ChrooooccuB Nag., 1849, In this genus the cells are 
more or leaa angular, solitary or associated in simple 
&milie& They are free- 
Roating or mixed with 
other blue-green AlgsB to 
form a stratum on wet 
I rocks. The integuments 

are tirra and often wide, 
homogeneous ot laraeU 
^ g lose, generally colourless, 

but sometimes of a yellow- 
ish-brown tint. The cell- 
contents are granulose, of 
a brilliant blue -green 
colour, or more rarely 
violet, olive-green, or 
yellow -green. 




I West, 



Fig. 166. A, ChToococcxu giga 
from BowuesB, Westmorelanil. B. C7t. tvrgidug 
(KiitE.) Niiff.. Icom Slieve Donard, Down, Ireland. 
C and D, Ch. icliiiodermatieui West, from near 
Windermere, WeBtmoteland. (All x 450.) 



Ch. turgidae (Kiita.) Niig. 
is the moat widely distributed 
Hpecies, often occurring in 
quantity in Sphagnum-boga ; diam, of cella 13 — 25 fi ; fig. 166 B. Ck. cokceren* 
(Br^b.) Nag., Ch. giganteiu West (fig. 166 A), Ch. minor (KUtz.) Niig. and 
Ch. p<dlidu» Ncig. are not infrequent in pondo, li^es, and bog-pools. Ch. 
tehitodermatKiu Weat (fig. 166 C and D) ia temarkable for its tough Uoiellose 
int^uments, the layers of which are gradually aplit off and shed. Ck. lim- 
neticv* Lemm. is confined to the freshwHter plankton. 
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AeatUlioeoccut Lageih., 903. 
ActiDHiithaceEB, 3S9. 3M. 
AjihiiaDtbeB Bory, 263, 3SB. 

BoarctsU Brib., 290. 

elilis Kait., 290. 

fleieUft (AlilO.) Brfb., 369 (fig. 
126 B), 390. 

HDDguiaa Ortm., 390 (fig. ISS 
A— C). 

hnearig »'. Sm., 290. 

loagipes C. ^9., 26B. 

mierocephala Kiitz., 290. 
JeAnaTUhtdiuni Kiitz. {sect, of Acbnan- 

thea), 289, 290. 
Aduuintboideffi, 280, asi—atl. 
ActiDUtram Lagerk., 218, 3M. 

HantzBchii Lagerh., 2Sfi. 
Ajaga, 199. 
Aldnetes, 16. 

Alooasift, 65. 

Alternation of generations, 18. 

Ambljitegium eiaDnatatam, 4. 

falcatom, 4. 

glaacam, 4. 

Bcorptoidea, 4. 
Ammatoidea W. dt 0. S. Wat, 38, 387. 
341. 

Normanu W. <t G. S. Weit. 341 
(fiK- 15S). 342. 
Aniteba, 4, 146, 230. 
Amphieampa Ehrenb. (1849), 288. 
Ampkieampa Babenh. {18(>4), 296. 
Ampbipleura KUti., 263, 292, MB. 

penucida KUti., 396 (fig. 137 C). 
Amphiprora Ehrenb., 291, 392, SH. 

omaM Bail., 396. 

paludosa 1)'. Sm., 296 (fig. 136 
B and C). 
Amphithrii Kllti.. SSB. 

janthioa {MotU.) Bom. tiFlah., SSB. 

w. A. 



Amphora Elmnb., 398, 3W. 

ovalis KliU., 269, 299 (fig. 141 

6 and C), 300. 
Ovalia Tar. pedicnltiB Kiltt., 300. 
Anabaua Bory., 311, 313, 814, 317. 33fi, 
3S7. 
aircinalia Babtnh., 328. 
Floa-aqiue Br<b., 828. 
insqualis [KUIt.) Bom. <& FtaK, 

328 (fig. 160 A— D). 
oBoiUarioideB Bory, 326, 
Ancylonema Berggr., 144, 149. 

NordeoBldBldii Berggr., 6, 61. 
Andiogonidia, 191. 
Androspotangium, 61. 
AndioBpore, 61. 

AnkistrodesmiiB Corda, 169, 218, 331, 
233—326. 
acvtiiiiitiiu Aroh., 323, 223. 
biplei {Reinielt} nob.. 234. 
oonvolntuB {Rabenk.) nob., 234. 
talcatng (Corda) Balfi, 63, 233 (fig. 

94 A), 
falcaCuB Tar. acicularis [A. Br.) 

nob., 223 (fig. 94 B and C). 
falcsluB Tar. dnplei [KUti.) nob., 

223. 
falcataB var. mirabillB nob., 223 

(fig. 94 B), 224. 
lalcatuB Tar. epiralis (Turn.) nob., 

234. 
falcatus var. BpirilliforzniB nab.. 224. 
falcatu» var. tumiduE nob., 333 (fig. 

94 D), 234. 
fiaiformit Corda, 223, 233. 
Pfilzeri [Schrl)dir) nob., 223 {tig. 

94 G and H), 234. 
BetigernB (Sehriider] nob.. 223 (fig. 
94 F), 224. 
Anodonta. 4. 
AttorthomU Gran., 390. 
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FloB-aqac (L.) Rat/M, 338. 
AphanocapHa NUg., 346, Ul. 

QreTiUei (//oii.) Rabenh., 3S1 i&g. 
185 A). 
JpAaHOfhiedr A. Br.; Berth.; Haber, 
71, 72, 89, 182. 
globoaa var. minor Hansg., 182. 
^itMiaiiina Schmidle. 72. 
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Apiooj'Btis Niig., 51, 280, 3M. 

Brauniana Ndj.. 244 (tig. 113). 
Aplanogametes. 16. 
AplauoHpores, IB. 
Aptogonum Balfi, 177. 
ArobegoQiatm, 30. 
Archer. 1. 141. 142, 283. 
Archiplaat. 317. 

Archiplaatidea, 309, 316, SIT— SM. 
Areachoug, 76. 
AriBATum, 65. 

Tulgsie. 64. 
Arthrcxleamus Ehrenb., 137, 144, 151, 
169. 170. 

bifiduB BT4b. Tar. tmncatuB Wat, 
170 (fig. 64 H— J). 

oonTergeQB Ehrenb., 171. 

Idcub {Brib.) Hati., 170 (Og. 64 
A— C|, 171. 

Idouk var. BalfBU If'. * O. S. WmI, 
170 (fig. 64 D). 

Iqcds var. validua W. <t Q. S. Wat. 
170 (fig, 64 E). 

ootooomiB Ehrtnb., 170 (fig. 64 
F and G), 171. 
Arthrodin Bafiuesque, 159. 
ArtbrudJes, 148. 
ArthToriphoa Kiitz,, 323. 
AithroKpira Slitenb., 316, 330, 332, 333, 
S36. 

Jenueri {llaia.) Stizttib., SSB. 
Aiaiual leprodnation, 14, 16. 
AakenaBj. 210. 
AsterionelU llan., 3ST. 

fonuosa Hon., 3H7 (fig. 133). 

gnicUlima Hfib.. 287. 
Autooolony, 26, 212, 
AalOBpores, 14, 25, 312. 
AuxoBporea, SW, HO. 
Azolla, 4, 326, 



BacilUiieiG, 6, 6, 8, 11, IS, 16, SI, B2, 

ISO— 30E. 
Bacteria. 3, 316, 332, 34G. 
Bangia, 36. 
Bangiaoem, 36, 98. 

BatncboBpennum Both, 18, 30, », 38, 
89. 339. 
atrnm iDiUic.) Harv., 38. 
BoryaiiDm, 35. 
monilitomie BoCh, 37 (fig. 1 A), 

38, 342. 
vagnm {Roth) Ag., 37 (flg. 1 B and 
C), 88. 
Beneoke, 264. 
Bennett, 1. 
- inett 4 Murray, 111, 125, 



Bessej, 148. 
Beyerinck. 330, 
Bichatia Turp., 350. 
Biddulplioiden, 273. 
Binuclearja U'ittr., 75, 80. 

tfttrana ll'iltr., 80 (Qg. 25), 81. 
Blackman, 2, 21, 22, 24, 27. 
BUckman A Tonsley, 83, S3, 103. 188, 
248. 



90, 143. 
BohliD, 31, 26—29. 82, 100, 106, 248, 

353. 2S4, 356. 
Boldt, 143. 

Borge, 1, 12, 126, 147. 
Bornet, 1. 
Borzi. 2, 31, 28, 48, 78, 92, 182, 199, 

248, 311, 314, S36, 3S9. 
Botrydiaces, 29, 30, 249, IBS, 309. 
Botiydina Brib., MT. 

vulgaris Hrfb., 347. 
Botrydiopsia Boni, 28, 29, 354. 
Botrydium Walt., 12, 18, 38, 29, 61, SU. 

granulatuml/..) Cm!..2S9(fig. 122). 
Botryoaoccus KliU., 236, MT. 

Braanii Klitz., 237 (fig. 106), 242. 

oalcareua Wat, 337. 

BudetiouB Ltmm., 237, 243. 
Boubier, 114. 

BradypuB (Tliroe-toed Sloth), 56. • 
Brand, 93, 104, 106. 
Brandt. 5, 311—313. 
Breaking of the Meres, 315, 341. 
Brewer, 6, 307. 
Bulbocbste Ag., 52, 67, 58, 60. 

gigantea Pringwh., 65. 

nana Wiitr., 64 (Hg. 15 C). 65. 

Nordatedtil Wittr., 64 (fig. 15 B). 

Bubintermedia Etfc., 61 (flg. 16 A). 
Bumilleria Borzi, 29, 3S3, an. 

pumila ir. ± 0. S. Wrtt, 3G7 
(fig. 121 J), 258. 
Btitachli, 366. 
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C^litriche, 2D5. 

CabKylindrat (Nig.) Xinhn., 16C, 167. 

Calotbrii Ag., 3S, S12, ua. 

epiphjticB W. & O. S. Wut, S89. 

mica (iffifz.) Bom. <£ Vlah., SS9. 
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uid D), 65. 
- obeoletam Wittr.. 60 (fig. 13 A). 
platyg7num Wittr., dS. 
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■ 130 B— Q). 
graoilieepa {A. Br.) Rabenh., 366 
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acuminata Gom., 336 (6g. 164 E). 
angaBtiBsima W. <t a. S. Wat, 336. 
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6S D itDd E), 143. 

inconnpicQum Wtit, lfi7. 
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16a E and F), 336. 
PhragmileB, 34(). 
Phycochmmophycea, 3, 3U6. 
Phycoayaain, 34, .'(08. 
Phyooerythiin, 34. 
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mazimam Lagerh,, 66. 

Pbilodendri Lagerh., 66. 
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Rhodjmeniacee, 35. 
Rhoicoaigma bVun,, 291. 
Bhoieoe^enia Grun., 2G3, 39T, 3M. 
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erifpuBi (Lightf.) Gay, 99. 
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gradle Reiatch, 236 (fig. 95 A— D). 
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101, 102, IW— 114. 199, 248. 
&in>dot, 18, 20, 88, 40. 
Sirogonium Kfitz., 131, 136. 

tticHcum KUta.. 135. 
SiroHphon Etitz., 320. 
Smith (H. L.), 272. 
Bolenoidete, 274, ITT— aw. 
Sonttnim Kllu., 26, 30, 212, au. 

Amerioanam (Boktin}SehmidU, 216. 

Bpinulfwnm Nag., 216 (fig. 89). 
Spennatiit (or PolliaoidH), 16, S5. 
Sphnralla Sommtrf. 68, 187, IBB. 

UcwtnB[Qirod.)WiUr.,\SS((te.U). 

nivalu Somnwr/., S, 189. 
SpbeeroojatiB Chodat, 349. 
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Sphierogoitium Bostaf.. 34S. 
SphoTopboTa Haas., 275. 
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67 C). 
Spharoiyga Ag., 327. 
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major Kiilz., 336 (Qg. 155 B). 
iMbtalta CE rated. 836. 
tcDuissima KEtz., 836. 
turfosa Buln., 315, 336 (fig. 155 A). 
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General Editor, A. E. Shipley, M.A.. F.R.S., Fellow 

and Tutor of Christ's College. 
A Text- Book of Zoogeography. By Frank E. Beddard, 

M.A., F.R.S., Prosector of the Zoological Society orLondoD. CrowD 

870. Wiih s Maps. 6s. 
The Elements of Botany. By Francis Darwim, M.A., 

M.B., F.R.S., Fellow of Christ's College. Satnd EdUian. Crown 

Svo. With 94 Illustrations. 41. 6>/. 
Jeumal of Bducati«m. A Doteworthy addi^on to our botatiical 
tiletature. 
Practical Physiology of Plants. By Francis Darwin, 

M.A., F.R-S., and E. Hamilton Acton, M.A. Crown Svo. With 

4j Illustrations. Third Editwit. ^s. 6d. 
Natttri. The authors are much to be congratulated on their wc-rk, 
which liDs a serious gap in the botanical literature of this country. 
Morphology and Anthropology. By W. L. H. 

Duckworth, M.A., M.D., Fellow and Lecturer of Jesus Collt^, 

University Lecturer in Physical Anthropology. Demy Svo. With 333 

Illustrations. 151. ntt. 
Athatavm. Mr Duckworth has maoaged to produce in his "Mor- 
phology and Anthropolc^" just such a text-boolc as sludeota have long 
been asking for.,, .It is no easy task lo have undertaken such a work and 
the author is to be congratulated on the success which has attended his 
efForls. The volume can be confidently recommeoded to all whose studies 
lead them in this direction. 

Lectures on the History of Physiology during the 

Sixteenth, Seventeenth and E^hteenth Centuries. By Sir M. FosTBK, 

K.C.B., M.D., D.C.L. DemySvo. With a FronlLspiece. 91. 

Naluri. There is no more fascmating chapter in the history oF science 

than that which deals with physiology, but a concise and at the same time 

compendious account of the early history of the subject has never l>efore 

been presented lo the English reader. Physiologists therefore Owe a debt 

of gralitude to Sir Michael Foster for supplying a want which was widely 

fell. ...No higher praise can be given to the book than to say that it IS 

worthy of the reputation of its author. 

The Soluble Ferments and Fermentation. By J. 
Reynolds Gkbbn. Sc.D., F.R.S,, Professor of Botany to the 
Pharmaceutical Society of Great Britain. Second Edilion. Demy 

Nature. It is not necessary to recommend the penisal of Ihe book lo 
all interested in the subject since it is indispensable to them, and we will 
merely conclude by congratulating Ihe Cambridge University Press on 
having added to their admirable series of Natural Science Manuals an 
eminently successful work on so important and difficult a theme, and the 
author on having written a treatise cleverly conceived, industriously and 
ably worked out, and on the whole, well written. 
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Conditions of Life in the Sea. A short account of 
Marine Biological Research. B; Jahbs Johnstonb, Fisheries 



The Natural History of some Common Animals. 

By Oswald H. Lattek, M.A., Seoior Science Master at Chailer- 

bouse. With 54 Illustrations. Crown 8vo. ji. net. 

Nature. An excellent book, written b; a man who is equally in his 

element whether he writes as an outdoor naturalist or as a laboratory 

student. This combination is b; do means a, common one. and it is just 

the comlnnation that is wanted for a book of this kind....Alt(^thei the 

book is an admirable one. 



The Classification of Flowering Plants. By Alfred 

Barton Rbndle, M.A. (Cantab.), D.Sc. (Lond.). F.L.S-, As^taat 

in the Department of Botany, British Museum. Vol. I. Gymno- 

spenns and Monocoljledons. Demy 8vo. With 187 Illustrations. 

\ai. 6d. na. 

Gardener's Ckrenieli. Numerous illnstratioos and an excellent index 

add to the value of the work. We heartily congratulate the author on the 

partial accomplishment of a difficult and labotioai task. The pan before 

as does but whet our appetite for what is to follow. 

Alhemtum. The first instalment of > text book which will well 
represent tbe state of our knowledge in the early years of the century. 
Id the present volume the Gymnosperms and the Monocotyledons alone 
are dealt with ; but they are treated with such excellent co-ordination of 
detail and such dcar-hcaded sense of proportion, that we eagerly await 
the publication of the next instalment. 

The Origin and Influence of the Thorough-bred 
Hone. By W. Ridgkway, M.A., F.RA., Disney Professor of 

Archseology and Fellow of Gonville and Caius College. Demy 8vo. 
With 143 Illustrations. I*/, iid. net. 

Wettminiter GaatUt. Theie has never b«ei 
to equine literature than Professor Ridgeway's 1 
book. 

Spictatar. It would be difficult for Professor Ridgeway to write a book 
whicji did not contain at least one wholly novel theus, and the present work 
is no eiceptioti to his practice. It is also an encyclopaedia of information 
on the hiatory of the Eauidae, collected from every source, from post- 
Pleiocene deposits to modem sporting newspapers. No detail escapes the 
author's indnsCry, and, ..the result i« a monument of sound learning, unique 

Manual of Practical Morbid Anatomy, being a Hand* 
book (or the Post-mortem Room. By H. D. Rollestok, M.A., 
M.D., F.R.C.P., and A. A. Kanthack, M.D., M.R.CP. Crown 
8vo. &. 
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Fosail Plants: for students of Botany and Geology. 
By A. C. Seward, M.A., F.R.S., Professor of Botany to the 
University of Cttrabridge. In i vols. Demy 8vo. Vol. I. With 
Frontispiece snd iii iTlustrallons, lu. Vol. II. 15J. «rf. 

Itevut Setattifique. Nou« lie pouvons cnlrer dans le dftail ; msis il est 
trident que M. Seward, praticien distingue lui-mfme, est tris au courant 
<les travaux des auties, il lea cite et utilise abondatnment 1 et ceci est fait 
pour inspiier confiance. Au total, son ceuvre eat appuT^ sur des bases 
solides, et elle restera sans doule longtcmps le br^Tiaice, fe manuel de ceux 
qui veulecl, non pas seulement s'initier i la paleobotnnique, mais retrouver 
les rensdgncaients qui sont *pais dans del centaines de monomphicsqu'on 
a souvent peine i. se procurer. Le livre de M. Seward fait partie des 
Cambridge Natural SiUmt Mantiah. et il est digne de cette collection, qui 
est elle-meme digne du foycc scientilique universellement r^put^, oil i! a vn 

Zoology. An Elementary Text-Book. By A. K 

Shiplbv, M.A., F.R.5., and E. W. MacBride, M.A. (Cantab.) 
D-Sc. (London), Professor of Zoology in McGill Universily, Montreal. 
Se(ond Edilion. Demy 8vo. With 349 Illustrations. loi. 6d. lUt. 
Pall Mail Gatelle. Precisely the sort of book which, if it came into a 

thongbtlul boy's hands, would turn him from b smBttcrer into a student.... 

One of the most instrucliTc and attractive books that could be pat into the 

hands of a young naturalist. 

Trees : A Handbook of Forest Botany for the Woodlands 

and the Laboratory. By H. Marshall Ward, Sc.D., F.R.S. 

Vol. I. Buds and Twigs. Vol. II. Uaves. ' Vol. III. Flowers and 

Inflorescences- Vol. IV. Fruits. Vol. V. Form and Habit, with an 

Appendix an Seedlings. Crowo 8vo. With numerous Illustrations. 

4j. 6d. ml taih. Price for the set of five volumes, 10s. net. 

Naiurt. The clear and simple way in which the author treats the 

subject is sure to inspire many with interest and enthusiasm for the 

study of forest botany., ..The work will be found indispensable to those 

students wbo wish to make an expert study of forest t>otany. Al the same 

time it is expressed in language so clear and devoid of technicalities that 

the amateur who wishes to know something about our trees and shrubs will 

jind this one of the most useful guides to which he can turn The work is 

a many sided one, acting not only as a guide to the naturalist in the field, 
but ateo as a laboratory handbook, where the use of the leni and 
microscope may be employed to ampli^ the study of objects already 
observed in iheii natural habitats. Botanists generally, and especially 
forest botanists will welcome the appearance of this book as sapplying 
a decided want, and tilling a distinct gap in our literatore of forest 

Grasses : a Handbook for use in the Field and Laboratory. 
By H. Marshall Ward, ScD., F.R.S, Crown 8vo. With 
Bi figures. 6r. 

Fifid, The work is essentially suited to the requirements of those 
desirous of studying the grasses commonly grown in this country, and 
II can fairly be said that it fiimishes an amount of infbrmatioD seldom 
obtained in more pretentions volumes. 
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A Treatise on the British Freshwater Algee. By 

G. S. West, M.A., A.R.C.S., F.L.S., Leclorer in Botany in the 

University of Birmingham. Demj' 8vo. With Frontispiece and 

i6ti Illustrations, loi. 6d. ml. 

Nature. Its aim a stated as "to give the student a concise account 

of the strucluie, habits and life-hislories of Freshwater Algx, and also 

lo enable him to place within the prescribed limits of a genus any Alga: 

he may Rnd in the freshwater of the British Islands." To do this within 

the limits of an octavo volume of less than 400 pages, in which are 

numeroQS illustrations, is a task possible of accomplislinient only by one 

ver7 familiar with the subject and skilled in concise expression ) but that 

il lias been successfully done »ill, we think, be the verdict after testing the 

book thoroughly.... Prof. West's treatment of his subject is insliuclive and 

stimulating. 

A Manual and Dictionary of the Flowering Plants 

and Fema. By J. C. Willis, M.A., Sc.D., Director of the Royal 
Botanic Gardens. Ceylon. Third Edition. Crown Bvo. 101. 6a; 

FitUL Taking this handy volume and a local flora, the traveller Or 
student may do an enormous amount of practical iieid work without any 
other botanical literature whatever. ...The result is a work that ou^t 10 be 
included in every library of botany and horticulture or agriculture, and it is 

certainly one that the nomadic botanist cannot afford to leave at home 

We have used the original edition of this work since its publication, and 
have found it to be one of tlie most useful and comprehensive works on 
plants ever produced. 

Atkcnaum. The whole is well abreast of modem research, and a 
thoroughly business-like volume, lucid though compact. 

Agriculture in the Tropics. An elementary Treatise. 
" ' ". W1U.IS, M.A., ScD. Demy 8vo. With 15 plates. 



By I. C. \ 
IS. 6d. ml. 



Elementary Paleontology — Invertebrate. By Henry 
Woods, M.A., F.G.S., University Lecturer in Pal^eozoology. Crown 
8vo. Feurlh Edition. With 151 Illustration.'^. 61. 

Outlines of Vertebrate Palaeontology for students 
of Zoology. By Arthur Smith Woodward, M.A., F.R.S., 

Keeper of the Department of Geology in the British Museum. Demy 
8vo. With ii8 Illustrations. I4J. 
AthauFum. The author is to be congratulated on having produced a 
work of exceptional value, dealing with a difficult subject in a thoroughly 
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